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In case that the Opposition Division is not intending to completely revoke the Patent on the basis 
of the documents of prior art and the arguments brought forward in this Opposition in the written 
procedure, we herewith request oral proceedings according to Art. 116 EPC. 

Grounds of Opposition 

I. 

The following documents of prior art will be used in this Opposition: 

Dl: Adlercreutz et al., "Urinary excretion of lignans and isoflavonoid phytoestrogens in Japa- 
nese men and women consuming a traditional Japanese diet", Am. J. Clin Nutr., Vol. 54, 
pp. 1093-1100(1991). 

D2: Cassady et al., "Use of a Mammalian Cell Culture Benzo(a)pyrene Metabolism Assay for 
the Detection of Potential Anticarcinogens from Natural Products: Inhibition of Metabo- 
lism by Biochanin A, an Isoflavone from Trifolium pratense L", Cancer Research, Vol. 
48(22), pp. 6257-6261 (1988). 

D3 : JP 6 1 -246 1 24 A (Abstract and English language translation) 

D4: JP 01-258669 A (Abstract and English language translation) 

D5: Rami S. Kaldas et al, "Reproductive and General Metabolic Effects of Phytoestrogens in 
Mammals", Reproductive Toxicology Review, Vol. 3, No. 2, pp. 81-89 (1989). 



FORRESTER & BOEHMERT 

-3- 

D6: Mark Messina et al., "The Role of Soy Products in Reducing Risk of Cancer", J. of Na- 
tional Cancer Institute, Vol. 83, No. 8, pp. 541-546 (1991). 

D7: Mark Messina et al., „Increasing use of soyfoods and their potential role in cancer preven- 
tion", Perspectives in Practice, Vol. 91, p. 836-840 (1991). 

D8: Gisela Wilcox et al., "Oestrogenic Effects of Plant Foods in Postmenopausal Women", 
British Med. J., 301, pp. 905-906 (1990). 

D9: Nancy Beckham, "Menopause", The Family Guide to Natural Therapies, Greenhouse Pub- 
lications, pp. 41-42, 50 (1988). 

D10: Nancy Beckham, "Herbal Help to Avoid Menopause Symptoms", Australian Wellbeing, 
No.29,pp.74-76(1988). 

D 1 1 : Statutory Declaration of Ms. Nancy Beckham. 

D12: Arthur C. Eldridge, "Determination of Isoflavones in Soybean Flours, Protein Concen- 
trates, and Isolates", J. Agric. Food Chem. Vol. 30, pp. 353-355, (1982). 

II. 



According to its patent claim 1 (only independent claim), the Patent is directed to 
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the use of an isoflavone phyto-oestrogen extract of soy or clover for the manufacture of a 
medicament for administration in unit dosage form for the treatment of pre-menstrual syn- 
drome, symptoms associated with menopause or prostate cancer. 

III. 

All features of the main claim of the Patent (claim 1) are known from the prior art. 

Document Dl discusses urinary excretion of lignans and isoflavonoid phytoestrogens in Japanese 
men and women consuming traditional Japanese diet. In the abstract, it is mentioned that the ex- 
cretion of isoflavonoids correlated with soybean-product intake, and that the low mortality in 
breast and prostate cancer in Japanese women and men, respectively, may be due to the high intake 
of soybean products. A more detailed discussion of the role of the phytoestrogens can be found in 
the passage starting in the middle of the right column of p. 1097 to the end of the article. It is espe- 
cially discussed that soybean products could be protective against prostate cancer and this is re- 
lated to the very large amounts of isoflavonoids in such products, mainly genistein, daidzein and 
equol. 

Therefore, someone skilled in the art, i.e. an expert in phytopharmaceuticals, would have been 
prompted by the disclosure of document Dl to use soybean products, and in particular an isofla- 
vone phytoestrogen extract of soy for the manufacture of a medicament for the treatment of pros- 
tate cancer (one of the medical indications of claim 1 of the Patent). 

Document D2 discusses the potential anticarcinogetic effect of biochanin A, in isoflavone from 
Trifolium pratense (i.e. red clover). Various in vitro tests were performed to show such effect, and 
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a respective extract from red clover, i.e. in isoflavone phyto-estrogen extract of clover in the mean- 
ing of claim 1 of the Patent, has been used and found to be active (p. 6258). 

Therefore, someone skilled in the art would have been prompted by the disclosure of document D2 
to try an extract of red clover for the manufacture of a medicament for the treatment of prostate 
cancer. 

Document D3 discloses a carcinostatic agent whose active principle is 5,7,4'-trihydroxyisoflavone 
(genistein). Genistein is mentioned in the specification of the Patent as one of the isoflavones 
which have been identified in respective extracts of soy or clover. This is confirmed in document 
D3 under the heading "Prior Art". 

Document D3 describes the carcinostatic properties (and toxicity) of genistein in detail and pro- 
vides for results of experiments on the inhibition of the propagation and inhibition of the synthesis 
of DNA in a number of experimental tumor cells. Moreover, the inhibiting action against tyrosine- 
specific phosphorylase which is believed to contribute to the propagation of carcinoma cells, is 
shown in document D3. On page 1 1 of document D3 it is described to administer genistein in unit 
dosage form. 

Although document D3 does not explicitly describe the use of an isoflavone phyto-oestrogen ex- 
tract of soy or clover explicitly, it describes the use of one of the major active components thereof. 
Attention of the Opposition Division is drawn to claim 7 of the patent where genistein is explicitly 
mentioned. 
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Therefore, someone skilled in the art would have been prompted by the disclosure of document D3 
to try the claimed extract (instead of one of its single components) for the manufacture of a me- 
dicament for administration in unit dosage form for the treatment of prostate cancer. 

In the examination procedure the Patentee has argued that disclosure of document D3 would not 
have led to the teaching of claim 1 of the Patent, basically with the argument that prostate cancer is 
very specific and that carcinostatic activity would not have been indicated for the use for this spe- 
cific type of cancer. However, the whole argumentation was based on the very restricted disclosure 
in the abstract of document D3 only. It did not take into account the much more detailed disclosure 
in the complete document which gives evidence for various carcinostatic activities of genistein 
against a number of different carcinoma cells and also inhibition activity against a number of en- 
zymes. In view of this much more detailed disclosure, we believe claim 1 to lack inventive step 
over the disclosure of document D3. 

Document D4 discloses a method of manufacturing isoflavone compounds by extraction from soy- 
beans or soybean meal. On page 2 of document D4 the isoflavone compounds of such soybean 
extracts are described as having, amongst others, cancer-controlling effect as inducing the differen- 
tiation of cancer cells and preventing the cancer genes. 

Although D4 does not explicitly describe the use of soy extract for the manufacture of a medica- 
ment for administration in unit dosage form for the treatment of prostate cancer, the disclosure of 
document D4 would have led someone skilled in the art to try such extract for this medical indica- 
tion. 
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Again, only the abstract of this document (as D26) has been discussed in the examination proce- 
dure, but not the complete disclosure of this document which is now herewith submitted in English 
language translation. 

Document D5 describes the reproductive and general metabolic effects of phyto-oestrogens in 
mammals. On page 82, column 1 and column 2, in particular Table 1, it identifies common plants 
that contain such substances. These plants include clovers, soybeans and soya sprouts. Therefore, 
it is obvious that such substances are contained in an isoflavone phyto-oestrogen extract of soy or 
clover. At page 88, column 2, it is disclosed that phyto-oestrogens could be used to reduce cancer 
of hormone-responsive tissues (lines 13 to 14). Although not explicitly mentioned, prostate cancer 
is exactly that type of cancer for which activity is described in document D5. At the same page 
(lines 31 to 37), it is disclosed that phyto-oestrogens could also alleviate vasomotor symptoms in 
menopausal women. 

Therefore, someone skilled in the art would have deducted from document D5 that an extract of 
soy or clover could be used as a medicament for the treatment of symptoms associated with meno- 
pause and/or prostate cancer. 

Document D6 discusses the role of soy products, and in particular the specific role of isoflavones 
therein, in cancer prevention (p. 541 and 542). The article also discusses studies of the effects of 
feeding soy to postmenopausal women (p. 542, bottom of left column). On pages 544 and 545 of 
the article the soybean processing, and in particular solvent extraction is described as a primary 
method of producing soybean products for such uses. 

Document D7 is also directed to the potential role of soyfoods in cancer prevention. Starting from 
p. 837, bottom of right column, experimental studies on the effect of isoflavones contained in soy- 
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bean product are discussed. On page 838, bottom of left column, it is mentioned that "the effects of 
isoflavones may not be limited solely to hormone-related cancers", and on the same page, top of 
right column, it is stated: "Consequently, isoflavones may have a role to play in the prevention of a 
wide range of cancers". A little bit later on the same page, several studies are mentioned looking 
specifically at the estrogenic/antiestrogenic effects of soybeans in postmenopausal women. 

Document D8 relates to the estrogenic effects of plant foods in postmenopausal women. The ex- 
periments included the use of soy flour and red clover sprouts as a food supplement taken over a 
six week period. 

Document D9, which are copies from a book related to natural therapies, discusses the use of a 
number of estrogenic plants for the treatment of symptoms associated with menopause. Amongst 
others, red clover and soybeans are mentioned. 

In another publication of the same author (document D10), the contents of estrogens in foods and 
herbs, and amongst others in red clover and soybeans, are discussed in the context of how to help 
to avoid menopausal symptoms. 

Documents D8 - Dl 0 at least taken together and/or in combination with any of documents Dl to 
D7 can also be seen as evidence of lack of inventive step of subject-matter of claim 1 of the Patent. 

IV. 

In addition to the documents of prior art discussed under III., there is another valuable source of 
information which clearly shows lack of novelty and/or inventive step of subject-matter of claim 1 
of The Patent, namely the use of soy and clover extracts for treating patients, in particular with 
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menopausal symptoms, but also for other conditions relating to imbalances of female hormones, 
treating prostate problems and as an adjunct therapy for cancer, by natural therapists. We herewith 
submit a copy of the Statutory Declaration of Ms. Nancy Beckham (Dll), a practicing natural 
therapists since the early 1980's which has been filed in the Opposition Procedure against the cor- 
responding Australian Patent. In this Statutory Declaration, which is very concise and self- 
explanatory, Ms. Beckham in detail describes her interest in isoflavonic phyto-oestrogens known 
from clover and her use of such phyto-oestrogens in respective treatments. She also published an 
article and a book (both from 1988) describing the use of oestrogen containing plants including red 
clover and soybeans for the treatment of menopausal symptoms which are discussed herein above 
as D9 and D10. In Ms. Beckham's Statutory Declaration also a number of documents are men- 
tioned which directly or indirectly reflects the role of phyto-oestrogens for the human health. 

The Statutory Declaration of Ms. Nancy Beckham therefore gives evidence that isoflavonic phyto- 
oestrogens as obtained in extracts of clover and soy, have been used, at least in Australia, by natu- 
ral therapists, at least for the treatment of menopausal symptoms. Therefore, the subject-matter of 
claim 1 of the Patent lacks novelty and/or inventive step over the described public prior use in 
Australia. 

V. 

Claim 2 does not add anything which could form a basis for a patentable claim, as the formulation 
of a medicament with at least one dietary suitable excipient is a trivial measure in pharmaceutical 
technology. 
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Claims 3 and 5 just specify the two different alternatives of claim 1, namely to use either soya or 
clover as the source for the isoflavone phyto-oestrogen extracts and therefore add nothing substan- 
tial. 

Claim 4 specifies that the isoflavone phyto-oestrogen is extracted from soya hypocotyls. This is 
one obvious alternative for someone skilled in the art for the preparation of a soy extract and does 
therefore add nothing substantial. 

Claim 6 does not specify any additional features as it is just a description of what phyto-oestrogens 
may be present in the respective extracts. This has already been described in the specification itself 
as known from prior art. One example of prior art which explicitly shows the phyto-oestrogens 
contained in soybean extract is document Dll. 

Claim 7 does not add as being substantial to claim 6. 

Claim 8 specifies the amount of isoflavone phyto-oestrogens to be administered. The ranges given 
at least overlap with the ranges given for the administration of genistein in document D3 (page 
10). 

Also the at least daily administration of the medicament as claimed in claim 9 can be found at page 
10 of document D3. 

It is difficult to see that claims 1 0 or 1 1 would add anything substantial which could form the basis 
for an allowable claim. 
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VI. 

Claim 1 of the Patent clearly goes beyond the original disclosure of the Patent. In the publication 
of the Application (WO93/23069), the products of the Application which are described to be either 
an extract from red clover (Example 1) or soya hypocotyls (Example 3) are not disclosed for the 
specific medical indications which are claimed in claim 1 of the Patent. In the bridging paragraph 
between pages 15 and 16, it is stated, under (ii) that the product of the application would reduce 
the risk of development of cancer of the prostate. This, however, would be the medical indication 
of the prevention of prostate cancer, but not of the treatment thereof, as presently claimed. Under 
(vi), the product of the application is described to reduce the risk of development of pre-menstrual 
syndrome, and, under (vii), symptoms associated with menopause. Again, there is only a disclo- 
sure of the prevention of such symptoms, but not of the treatment thereof as presently claimed. 

We therefore believe claim 1 to go beyond the original disclosure of the application. We would 
like to draw the attention of the Opposition Division to the fact that, during the last phase of the 
examination procedure, prevention of the respective diseases or conditions has been deleted from 
claim 1, as the Patentee was only able to provide for evidence of the effectiveness of the extracts in 
treatments. As this use is, however, not based on the original disclosure, granted claim 1 of the 
Patent is not valid. 

VII. 

Summarizing the above arguments, it has become clear that the Patent is to be revoked both based 
on Art. 100(a) EPC because of lack of novelty (public prior use in Australia (Dll)) or lack of in- 
ventive step (in view of documents Dl to D10) and/or based on Art. 100(c) because of lack of dis- 
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closure of the claimed medical indication of treatment of pre-menstrual syndrome, symptoms as- 
sociated with menopause or prostate cancer. 
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Urinary excretion of lignans and isoflavonoid phytoestrogens 
in Japanese men and women consuming 
a traditional Japanese diet 1 " 4 

Herman Adlercreute. Hideo Honjo, Akane Higashi, Theodore Fotsis, £sa htitmaininen, 
Takeshi Hasegawa, and Hiroji Okada 



ABSTRACT Epidemiologic studies revealed low mortality 
in hormone-dependent can car in Japanese women and men 
consuming a traditional diet. We previously found ihai certain 
diphenolic food components, lignans and isoflavonoids, which 
arc convened to biologically active hormone-like substances by 
intestinal microflora, may be cancet-proiective agents. Therefore, 
we studied urinary excretion of these compounds (enterolactone, 
cnlerodiol, daidzein, equol, and 0-dcimclhylangolensm) ill 10 
women and 9 men In a rural village south of Kyoto, Japan. The 
subjects consumed a typical Low-fat diet with much rice and soy 
products, fish, and vegetables. An isotope-dilution gas chro- 
raatograpbic-mass spectromeme method was used for the assays. 
The urinary excretion of lignans was low but that of the isofla- 
vonoids was very high. The excretion of isoflavonoids correlated 
wiih soybean-product intake. The low mortality in breast and 
prostate cancer of Japanese women and men, respectively, may 
be due 10 the high intake of soybean products. Am J Clin 
Nmf 199I;54;I<W3-MOO, 

KEY WORDS Japanese, diet, urine, lignans, Isoflavonoids, 
entero lactone, enterodiol, daidzein, equol, genistein, 0-des- 
methyiangolcnsin, soybean, gas chromatography, mass spec- 
trometry, sevhurmone-binding globulin 

Introduction 

Mammalian lignans and isoflavonoid phytoestrogens, occur- 
ring in all studied animal and human biological Oujds and in 
feces, are dtphenolic compounds with molecular weights similar 
to those of steroid estrogens (1-3). Precursors in plants seem to 
occur as glycosides (4 T 5), and the mammalian compounds are 
produced from plant lignans and isoflavonoids by intestinal mi- 
croflora (6-B). Most of the original plant aglycones, such as for- 
mononctin, matairesinol, and secnisolaricircsinol, occur only in 
very low concentrations in urine (9, 10). All compounds inves- 
tigated so far are weakly estrogenic but have shown many other 
biological activities, producing antiestrogenic (1-3); antiviral (11, 
12); and antiproliferative, cytotoxic, and growth-inhibiting effects 
(3, 13-1 5). Studies indicate that they most likely stimulate the 
production of scA-hormonc-binding globulin (SHBG) in the liver 
(2, 14-18) and may in this way signiheaatly influence biological 
activity of the se* hormones. The higher SHBG values seen in 



vegetarians (2, 17-19) are probably due to the effect of these 
diphenolic compounds on liver synthesis of the protein (14). 
Studies in both young and old women with breast cancer and 
in various dietary groups indicate that urinary excretion of these 
compounds is highest in vegetarians and lower In omnivores 
and breast-cancer patients (2, 18, 20). It was shown that their 
urinary excretion correlates with the intake of fiber-rich food (2, 
17,18). 

Japanese women and women of Japanese origin in Hawaii 
consuming a diet similar to the original traditional Japanese diet 
have low breast-oncer incidence and mortality (21*24). Simi- 
larly, Japanese men have low mortality with prostate cancer, 
although autopsy studies have found that the incidence of pros- 
tate cancer in Japanese and Western men are similar (25-27). 
These cancers arc sea-hormone dependent and Could potentially 
be influenced both by alterations of sex-hormone metabolism 
caused by lignans and isoflavonoids or by a direct effect of these 
compounds on their growth. Because of the associations between 
diet and these diseases, we decided to study the urinary excretion 
of lignans and isoflavonoid phytoestrogens in groups of Japanese 
men and women consuming a traditional diet. A preliminary 
report was published as an abstract (28). 

Subjects and methods 

Participants 

The subjects participating in this investigation were apparently 
healthy and were recruited in a small rural village south of Kyoto, 
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Japan. Two of the women wcrt found to have hypertension 
[blood pressure 146/96 and 180/100, respectively). Most of the 
participant* were farmers cultivating lea and rice. Originally 10 
men and tO women volunteered for the study, but I man was 
dropped because his urine volume was not known. Their main 
work was in agriculture and they consumed mainly their own 
products. The age$ of the men and women were 50.4 ± 1 8.0 
and 46.8 ± 1 1.5 y r respectively. Height, weight, and body moss 
index fBMI, in weight (kg)/hcighl (m) 2 ) were, rapectivdy, 1 60.8 
± 7.8 cro. 56.6 ± 5.8 kg, and 22.7 ± 2.3 for men and 153-1 
± 6.5 em, 52.9 ± 7.2 kg, and 22.6 ± 3.5 for women. All subjects 
were within 15% of normal weight. 

Collection of samples 
Urine was collected for 48 h in plastic bottles containing 2 g 

ascorbic acid. The bottle was kept in a cool place during collec- 
^n. The urine was mixed and measured and a sample was 
jzen as soon as possible and transported to Finland in dry ice 

Tor analysis. 

Dietary data 

The study was carried out in October 1985. Before the survey 
a nutritionist explained how to weigh the food components and 
how 10 write down the results on a form. Mosi of the food was 
weighed. Some food, such as bread and milk, was recorded as 
j piece of bread or cup of milk and the nutritionist estimated 
the weight of these food items afterwards. Food intake was re- 
corded Tor 3 d and the nutritionist followed alt subjects every 
day during the survey period. Calculation of the food data was 
made by an experienced nutritionist using the Standard Tables 
of Pood Composition m Japan (29); for fiber calculations the 
Food Composition Tables of Dietary Fibers. Minerals, Choles- 
terol, Fatty Acids was used (30). The amount of soy sauce in 
the diel was calculated from the total sodium chloride content 
of the urine. According to earlier studies Japanese obtain 25.8% 
of their sodium chloride from soy sauce (31). Soy sauce contains 
1 5% NaCl. The consumption of soy sauce is estimated by using 

z following formula: 

Soy sauce = (amount of NaCl in urine) X 0.258/0.15 

This is the traditional way to estimate soy sauce consumption 
in Japanese subjects because they do not add any other sah to 
their food. It is an estimate and not an exact figure and the 
values were not included in the correlation anaryses. 

Analylicat method 

The trivial and systematic names of the compounds measured 
and discussed art as follows (structures were shown previously 
(3)]: emerolactone (Enl), /ran> 2>bUI(3-hyarc^phenyl)melhyl)- 
7-hutyrolactone; enterodiol (End), 2;3-Wr[(3-hydroxyphenyl)- 
methyl]-butane-l ,4-diol; daidzcin (Da), 4',7-dihydroxyisoflavone; 
equol (Eq), 4 r ,7-dihydro>tyisoflavan; O-desmcthylangolensin (O 
DmiO, 1 -<1.4^hydroK>phenyl)-2-(4-hydrox vphcnylVtJmpan- 1 -one. 

The method used was a modification of a method for deter- 
mining the estrogen profile in urine by ion<xchangc chroma- 
tography and capillary gas chromatography-mass spectrometry 
in the selected ion-monitoring mode (GC-MS-SIM, or CC/MS) 
(32-34). Originally, estrogens also were determined but because 
of very low concentrations of some fractions, the mnguut of 
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urine saved for the purpose was too small and the analyses could 
not be repeated. Therefore, only the lignan and isoflavonoid 
values arc presented. Only modifications of the method are de- 
scribed. 

Protection of the carbonyl functions by ethoximauon (nec- 
essary only for the estrogens), and exrraction with a Sep-Pak C, ( 
cartridge (Waters Associates, Milford, MA) were carried out as 
described (33, 34). The removal of inhibitors of the enzyme 
hydrolysis by ion-exchange chromatography on a DEAE»Sepb- 
adex (Pharmacia Fine Chemicals, Uppsala, Sweden) column in 
the acetate form wai done in a smaller column (0.3 X 3 cm 
instead of 0.5 X 5 cm). For hydrolysis and purification of the 
hydrolysate, before evaporation of the last fraction obtained from 
the above DEAE-Sephadei column, the following deutcrated 
internal standard* were added to the eluate: d«-Enl and -End, 
d 4 -Da and -Eq. and di-O-Dma (35, 36). This was followed by 
hydrolysis and Sep-Pak extraction; application of the melhanolic 
extract directly on the QAE-Sephadex A-25 in the acetate form 
(0.5 X 5 cm); and dution of the estrogens, lignana, and Eq with 
4 mL methanol as described. The modification in this step is 
that O-Dma and Da are eluted after this with 4 mL 02 mol 
acetic arid/L in methanol. This fraction is then, after evaporation 
of the solvent, ready for derivatnation (trimethyUiryl ethers) and 
GC/MS. Selective fractionation of estrogens with vicinal cis- 
hydroxyls was carried out in a borate column with now dimen- 
sion (0.5 X 3 cm instead or 0.5 X 2.5 cm). Euuon of the di- 
phenols was carried out as described and this fraction contains 
the Isoflavan Eq and the two lignanS Ent and End. 

The two fractions containing lignans and isoflavonoid phy- 
toestrogens and their deute rated internal standards are converted 
to their irimethylsilyl ether (TMS) derivatives (32) and quantified 
by GC/MS by using the following ion pairs (mass/charge); Eq, 
386/390; Da, 398/402 (and 383/387); End, 410/416; Enl, 442/ 
448; and ODraa, 459/464 (36). The measurements were carried 
out with a Hewlett-Packard 5995 B GC/MS (Avondaie, PA) 
instrument equipped with a Pascal work sution and with an 
automatic injector. 

Urinary excretion of < 0.0025 Mmol/d cannot be measured, 
and between 0.0025 and 0.005 >tmol/d the method must be 
regarded as semiquantitative. The mean values and inierassay 
Imprecision for the control pooled-urine sample, measured 59 
nmes in single assays during I y. were as follows: Enl 3.65 junol/d 
(CV 7.4%); End, 0.364 ^mol/d (CV 1 1.6%); and Eq. 0.042 Mmol/ 
d (CV 9.4%). For Da at a concentration of 0.028 Mmol/d, the 
ipterassay imprecision is 1 1.0% (n - 14) and for O-Dma at the 
high concentrations in this study, the interaasay imprecision is 
8-10% (CV). 

The samples were analyzed in two batches and the values for 
(he control sample were almost identical both times and the 
same as to analyses before and after these two batches. 

Statistical methods 

The food data are presented as arithmetic means (±SD) and 
the lignan and phytoestrogen results as arithmetic means (±SD) 
and geometric means. Geometric means were used when nec- 
essary because of skewness of the distribution of the results, The 
statistical analyses were carried out by using the StalVtew pro- 
gram for Macintosh (Abacus Concepts, Berkeley, CA). The de- 
gree of univariate associations between two variables were es- 
timated as Pearson's correlation coefficients (r). The pairs of 
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table i 

I nuke of various food stuffs b> lhc Japanese women and men 
consuming m traditional Japanese die'* 



Nutricni 



Women 
{ft » 10) 



Men 
<fl-9) 



Rice 

Wheal 

Potato 

Sugar 

Far* 

Pulses and beam 
Fruit 

Oreea and yelluw fqgc bibles 

Other vegetables 

Fickle* 

Algae 

Pun 

Meat 

£g£S 

Milk 
Beer 



578.5 * 222.5 

59.5 x 46.0 

62.6 ± 30.2 
B.l ± 7.0 

13.1 ± 7.6 

36.5 1 36.0 
228.2.1 I J 1.9 

60.6 ± 33.3 
139.3 1 69.3 

32.9 * 24.9 
1,6 A 2.0 

98.7 * 46.6 
31.0 4 30. 1 
3M ± 1 6.6 

U2.7± I31.0 
5. 1 1 I6J 



764.1 t 240.3 

139.0 ± 113.6 
35.2 ± 34.6 
8.1 ±7.a 
12.7 r 6.9 
40.9 * 32.0 

146.9 ± M4.0 
55.7 ± 35.3 

130.9 + 77.2 
23.2*21.2 
0.7 ± 0,7 

113.6*56.5 
73.6 * 58.4 
57.4 * 30.6 
90.9 ± 90.2 

454.6 ±647.1 



# I ± SD. 

adjusted group means for the two groups studied (women and 
men) were compared by nonpaircd t test. 

Results 

The intake of various types of food arc shown in Tabic 1, and 
Table 2 shows the asulb of the calculation! with rcgjtfd to energy, 



TABLE 2 

Bncrgy intake, intake of Various nurrienis. and some ratios m 0»e two 
study grou pk • 



Nuiriem 



Women 
<n« 10) 



Men 



Energy 

(MJ/d) 

(kcal/d) 
Animal protein (g/d) 
Vegetable protein (g/d) 
Total protein (fi/d) 
Carbohydrates (g/d) 
Tpul fit (g/d) 
Total fiber (g/d) 
Animal protein (Hb)t 
Proteins (%)t 
Carbohydrates {%)% 
Fsis (*)* 

Ful ft/kg body *t) 
Fiber 
(mg/J) 

(g/1000 kotl) 
Fiber (p/kg body wt) 
Fat-fiber r»tin 



8,29 ± 1.64 
1973 ±391 

35.3 ± 13.9 
312 ± 10.1 
73.6* 112 

311.4 ±77.0 

44.4 1 14.4 
16.9 ±4.9 

47.2 ± 15.9 
15.21 2.1 
64.6 * 6-8 

20.3 1 5.5 
0,86 ± 0.3 1 

2,1 ±0.7 
S.8 ± 3.0 
0 33 ±0.10 
2.5 ± 0.9 



10.79 ± 3.48 
2369 I 829 
47.8 ± 18.9 
45. i ± 10.6 
93.0 ± 28.4 
383.3 ± 100.6 
51.0*25.9 
15.3*6.0 
49.B ± 7,9 
14.61 15 
68.21 3.1 
17.214.9 
0.8510.37 

1.5*0.7 
6.4 * 310 
0.26 ± 0.09 
2.4 ± 0.9 



table 3 

Dietary Intokt of soy products by the two groupi studied* 



• i x SD. 

| percent of total protein, 
i perceni of energy. 



Soy product 



Women 
(/» » 10) 



Men 
(n~'J) 



Tofu (soybean curd) 
Miu (bean puic) 
Aburugc (fried thin lofu) 
Atuage (fried thick tofu) 
Koridftfu (dried soybean curd) 
Fermented soybeans 
Bolted beans 
Soy sauce 

Soy products (sauce excluded) 



25.0 ± 22.9 


18.7 f. 2S.8 


12.516.2 


8.5 r 6.4 


2.6 * .V6 


3.7 = -1.2 


4.0* 12.7 


0.8 t 2.3 


0.37 * 0.78 


0.07 ± 0.2 


2.4 1 4.5 


0.9 1 2.8 


7.7l 17.8 


6.5 ±7,8 


22.9*6.1 


19.2 A 4.7 


54.4 l 34.3 


39.2 1 .16.4 



•JflSD, 



animal and vegetable protein; total proteins, carbohydrates, fats, 
and fiber; percentage animal protein and percentage protein; 
and carbohydrate and Eai as percent of total calories. Further- 
more, wc calculated the fat intake per kilogram body wciAht. 
fiber intake per J (per 1000 kcal), and the fat-fiber ratio (Table 
2). The diet was a low-fat (fat 17.2% and 20.3% of total calories 
for men and women, respectively), low-animal-protein diet with 
moderate amounts of fiber and a low fat-fiber ratio, which is 
typical for the traditional Japan*** det (37). 

Table 3 shows the dietary intake of wy products, which wtrts 
expected to be the most important source of precursors for the 
urinary isofiavonoids (3). 

Table 4 shows ihe mean excretion values for the two tignans 
and three isoflavonoid phytoestrogens. The results show a rel- 
atively low wcretion of enterolactone, a normal excretion for 
enterodiol, and a very high excretion of bioflavonoid phytoes- 
trogens. The individual results showed large variation, particu- 
larly for equol (from 0 to 10-95 fimoVd). For comparison note 
that the geometric mean values in young omnivorous women 
living in Helsinki and in Boston for enterolactone, emerodiol, 
daidzein, equol, and O-desmcthyl-aogolensin were 2.46. 0-20, 
0.22, 0.10, 0.03, and 2.05, 0.2B, 0.32, 0.07, and 0.03 f*mol/d, 
respectively (2), 



TABLE 4 

Urinary eicreuon of lignaru and isoflavonoid phytoestrogena in 
Japanese women and men consuming traditional Japanese diet* 



Compound 



Women 

(«« 10) 



Men 

(« = 9) 



Enterolacione 
Enurodiol 
Totsl lifln&m 
Daidzein 
Equol 

O-desmflthylangDlen&l n 
Total isofiavonoids 
Total dlphenoli 



1.4 ± 1.4(0.89) 
0.7 1 13(0.41) 
2.1 ±2.6(1.38) 
2.6 14.0 (2.55) 
2.6 ± 4.0 (0.56) 
0,7 ±0.6 (0.51) 
6.9*6.8 (4,73) 
9.1 ±9.3 (6.7) 



1.1 ±0.7 (0.89) 
0.4 t 0.3 (0.22) 
1.3*0.9(1.13) 
2.2*2.0(1.45) 
3.0 1 4.6 (0.54) 
0.2 + 0.3 (0.11) 
3.9 * 3.3 (2.57) 
5.4 ±4.0 (4.1) 



• J ± SD (geometric x). 
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Table 5 presents a con-elation matrix of van out food com- 
ponents and urinary excretion of Ugnaiu and isoflavonoids in 
ihc total material of 19 subjects for whom both food and phy. 
(oestrogen data were available. 

Discussion 

In a previous study of oriental immigrant women from south- 
east Asia residing in Hawaii (3R), the diet was Similar to that 
consumed by the men and women in the rural village in Japan. 
In the present study the women had a greater energy intake {an 
additional -2.1 MJ/d. or 500 kcal/d). which may be due to a 
physically more active life. However, the percentage intake of 
calories as fat and the dietary fiber and fat-fiber ratio were very 
similar to the corresponding values in ihc previous study. Except 
for the energy intake the values are very different from those 
seen in Western societies where the fiber intake Is similar but 
ihc fat-fiber ratio is much higher. Women living In the Boston 
area had a fat-fiber ratio of 7.7 for the premenopausal women 
and 4.6 for the postmenopausal women compared with 2.5 for 
the women in the present study (39). 

With regard to protein intake, expressed as g/d and as per- 
centage of calories, the mean values in the present study were 
similar and slightly lo^cr, respectively, than those of the im- 
migrants from southwest Asia (38). 

Our results arc in good agreement with those from an earlier 
study of 300 female agricultural workers from 18 regions in 
Japan (37) except for dietary fiber intake, which was mueh lower 
(between 5 and 6 g/d) in the women in the earlier study (which 
may represent crude fiber intake). However, awarding to the 
national nutrition survey in Japan, the dietary fiber intake was 
22,8 g/d in 1951 and decreased year by year to 17,4 g/d in 1985. 
These figures arc in better agreement with our results obtained 
in 1985 t which y how a mean dietary fiber intake in the whole 
group of — 16 g/d. This latter value is. alto in gbnd agreement 
with the value of 13 g/d for nonstarch polysaccharides found by 
analyse of the Japanese diet in another study (40). On the basis 



of these investigations and the present investigation, it may be 
concluded that the amount of dietary fiber in a traditional ori- 
ental diet is comparable with that in many Western societies 
(38-40). We may also conclude thai the diet of our subjects was 
typical for a rural area, where the people 10 a large extent con- 
sume their own products and have a traditional Japanese diet. 

The urinary excretion of Enl was, with few exceptions, low 
in both men and women (Tables 4 and I A) and was the same 
as found for the postmenopausal brtasl-cancer patients in Boston 
(20), We found a weak correlation between intake of green and 
yellow vegetables and excretion of Enl and total ligmuis (Table 
5) but no correlation with rice Intake. Because these subjects 
consumed large amounts or rice, it seems justified to conclude 
that refined rice contains very low amounts, if any, of lignan 
precursors, There was a better correlation with die intake of 
soybeans, "hich thus also may be a source of Enl precursors 
(Table 5). U is known that soy sauce contains coniferyl alcohol 
the building block for lignaiij and lignin (41). The excretion of 
the lignan End was also found 10 be associated with the intake 
of beans and pulses and soy products in general (Table 5). 

The excretion of the itoflavonoid phytoestrogens is very high 
in these Japanese men and women compared with values ob- 
tained in women living in Boston (2, 20) and in the Helsinki 
area (2, 18). The Japanese women in the present study excrete 
10 limes more Da and 20-30 times more Eq and O-Dma than 
did omnivorous and lactovegeurian women living in the above- 
mentioned two cities. Of the 19 subjects, 47% and 89% excrete 
micromolc amounts of Eq and Da per day, respectively, a phe- 
nomenon very rarely seen in subjects consuming a Western diet 
but seen in subjects consuming a macrobiotic diet (2), The values 
in an additional study group of nine subjects, including three 
children {see Appendix A), were not significantly different from 
those in the two main groups (Tables 4 and I A); they were in 
fact surprisingly identical. The excretion of matairesinol, the 
precursor lignan for emerodiol, was very low, but gen isle in ex- 
cretion was very high. Genistein is the center of interest in many 
laboratories because of its very interesting antiproliferative and 



tables 

Correlation matrix of various food component! and urinary tacretion of ligans and isoflavonoidi in the whole material <«=>!») 



Nutrient 




Tntal 








Total 


Total 


Entcrolautonc Entered iol 


Ngnans 


Daidxetn 


Equol 


0-Dcsmcth yla ngolciisin 


ixaflavanoid* 


diphenols 


Green and yellow 
















vegetable? 


0J25 * 


0.460* 












Pulsei and beam 


0.541* 




0.679t 


0.737 f 


0.617* 


0.668 1 


0.693 1 


Algae 






0.561* 






0.450* 


0.430* 


Total fai 








0.584 f 






Percent fM 














calorici 








0.«69* 








Fat-fiber ratio 








0.507* 








Meat 








0.507* 








Soy products 
















(nui sauce) 


0.481- 




0.5831 


0.746$ 


0.601 1 


0.5B5* 


0.5B8t 


Boiled wybeanj 


0.758$ 0.892 g 




0.6.12 T 


0,693} 




0.7575 


O.KOt § 



* /><0.05. 
t^<0.01. 
4 0.05 </><0J0. 



DIET AND PHYTOESTROGENS IN JAPANESE 



1097 



ami mitogen ic effects {see below); gen i stein showed the highest 
concentration of all phytoestrogens in urine in these nine sub- 
jects. The mean value was ajmost 6 omol/d and a value as high 
as 15.5 umol/d was observed. Also in thl$ smaller group most 
variation in the excretion values was found for Eq (from 0.0 1 
10 9.16 jimol/d). In 21.4% of all subjects, equol excretion did 
not significantly differ from zero: (his group included two of the 
three children; the mother of these two children did not excrete 
equol in significant amounts. 

The low excretion of Enl in the Japanese subjects compared, 
eg, with Finnish women (2), is most likely due to low intake of 
grain (whole-grain) products such as bread (2, 1?. 18. 42, 43). 
The precursors of the mammalian lignans seem to be located 
in the aJeuromc layer of the Strain dose to the fiber (15) but 
definite evidence for this location has not yet been obtained. 
The mean End values are simitar to those observed in lactovege- 
tahan American and Finnish women and higher than in the 
omnivorous women from the same countries (2, 20). It is likely 
that the majority of the lignans in these Japanese subjects ij 
derived from nongrain plant products (pulses and beans), u 
suggested by the correlations found in Table 5. 

Eq excretion correlated positively with the intake of total fat 
[P < 0.0 1), fat-fiber ratio {P < 0.05), and meat {P < 0.05) and 
deviated in this aspect from all the other isoflavonoids. Some 
subjects are not able to produce Eq at alt, as also shown previously 
for nonJapanese subjects (44). It is possible that those consuming 
more fat and meat ha«e an intestinal flora more capable of pro- 
ducing Eq from Da, known to occur in large amounts in soybeans 
(45). Algae may also be a source of isonVonoidi because a pos- 
itive correlation was found with Da (r = 0.56; P < 0.05) and 
total isoflavonoids [r « 0.45; 0.05 < P < 0. 10, NS). Algae were 
suggested to contain factors protective against breast cancer (46). 

ligna ns and bioflavonoids are candidates for a role as cancer- 
proiccn' vc agents (2,14-1 6) and as susrold competitors for various 
eozymes (47). Enl inhibits the aromatase enzyme and competes 
wiih the natural substrate androstenedione for the binding site 
on the cytochrome P450 enzyme (H Adlercreutz, C Bannwart, 
LE Vlckery, et al, unpublished observations, 1985). Phytoestro- 
gens and lignans (48; H Adlcrcreua Y Mousavi, J Dark, el al, 
unpublished observation, 1987) show interaction with estrogen 
receptors and ftavonoids have antiproliferative effects on the 
human-brcast-carcinoma cell line ZR-75-1 (49). Genisiein is a 
very specific inhibitor of the tyrosine-specific protein kinases 
(50-55) and platedet-activating-factor-Stimulated platelet aggre- 
gation, phospholipid C, and tyrosine kinase activity (56V Ty- 
rosine kinase is an important mediator of the effects of some 
biologically important growth factors such as epidermal growth 
factor, insulin, plate! el -de rived growth factor, and insulin-like 
growth factor on cells. The flavonoids and lignans bind to the 
type II estrogen-binding sites (15, 57), now also called the biofla- 
vonoid receptor (47, 58), and may in this way regulate by in- 
hibition cell growth and proliferation of hormone-dependent 
cancers (58). Enzymes metabolizing bioflavonoids and steroids 
show structurally close similarity (47), indicating that they have 
the same origin. Furthermore, the Isoflavonoid coumestrol 
complements, as does estradiol, the topography of spaces between 
base pain in unwound DNA and simultaneously hydrogen-bond 
phosphate moieties on opposite strands (59). 

One of the most important biological effects of the lignans 
end isoflavonoids seems to be their stimulation of SHBG syn- 



thesis in the liver (2, 14, 16-18). A high SHBG concentration 
leads to decreased metabolic clearance rale for the sex hormones 
and lower biological activity. However, Japanese and British 
women urn: found to have the same SHBG total-binding ca- 
pacity, even though Japanese women bound relatively more es- 
tradiol to SHBG. This was suggested to be a result of lower 
affinity of albumin Tor estradiol In these women (60). It is possible 
that the phytoestrogens in the high amounts occurring in Jap- 
anese women could compete with estradiol for the albumin- 
binding sites and in this way lead to relatively more binding to 
SHBG. 

SHBG concentrations tend to be lower in brcastHUincer pa- 
tients, particularly in postmenopausal women, and this seems 
at least partly to be due to diet (15). SHBG-binding capacity 
was significantly smaller in postmenopausal but not in pre- 
menopausal Japanese subjects wfth breast cancer compared with 
Japanese control subjects (61), agreeing with our own more re- 
cent results in American postmenopausal (43) women. Finnish 
premenopausal women with breast cancer did not differ in this 
respect from omnivorous control subjects but they had lower 
SHBG than did lactovegetarian women ( 1 8). Diet seems to be 
a much more important risk factor for postmenopausal than for 
premenopausal breast cancer ( 1 5). Miso (Japanese soybean paste) 
(62) or powdered soybean chips (63) (both before and after de- 
naturation of the protease inhibitors) showed a tendency to de- 
crease mammary-tumor formation and growth rale in ratbrcasi- 
canccr models and soybean diet also reduced breast-tumor in- 
cidence in irradiated rats (64), This agrees with the slower average 
growth rate of postmenopausal breast cancers in Japanese com- 
pared with Caucasian women in Hawaii (65). 

The high concentration orphytoestrogens in mc urmc °'7 ap - 
antsc men could be protective with regard lo prostate cancer. 
Both Hgnans and isoflavonoids have estrogenic effects in nu- 
merous biological systems and may. becauae of this property, 
inhibit development of prostatic cancer. It is well known that 
in Japan and some other Asian countries, despite the same in- 
cidence of latent small or noninfiltrativc prostatic carcinomas 
as in Western societies, the mortality is low (25-27). The high 
exogenous phytoestrogen concentrations could inhibit the growth 
of the latent carcinomas, postponing their development and 
making it more likely that the subjects die from some other 
disease (theory proposed in 1985) (66). Furthermore, the inhib- 
itory effect of genistein on lyrosine-specmc protein kinases of 
certain growth-factor receptors could play an important role. 
Decreased risk of prostate cancer is seen in Seven uVday Adventist 
men (67) consuming much beans, lentil*, and peas and some 
dried fruits (rich sources of bioflavonoids) and in men of Japanese 
ancestry in Hawaii consuming much rice (mainly starch, which 
has some fiber-like effects in the gut) and torn (68), supporting 
the view that these compounds are protective. Recently, Santti's 
group in Turku, Finland, in a collaborative study with us, ob- 
served that dietary soy prevented the development of precan- 
cerous changes in a neonatally estrogenizod mouse used as a 
model for prostatic cancer (69), showing that dietary factors may 
already be important in the fetal and neonatal periods. This 
study and our observation of high phytoestrogen excretion in 
urine of children is important because they suggest that these 
compounds may change the endocrine milieu at the cellular 
level both in the neonatal period and in prepubertal and ado- 
lescent children. Thus, the results cited above and discussed more 
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extensively elsewhere (14, 15) speak for a role of the diphcnols 
as cancer-protective substances. 

It is concluded that Japanese subjects excrete very large 
amounts of isoflavonoids in urine, mainly genistein, daidzcin, 
and equol, and that the lignao excretion is low. The hifih excre- 
tion of isoflavonoids in urine is related to the intake of soy prod- 
ucts in the traditional Japanese diet. Q 

Wt thank Anja Koskcla (analytical work) and Sirkka Adlcrereuu (mass 
spectrometry) for skillful technical wmauce. 
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APPENDIX A 

Additional experiments with a modlficatioo of the 
method 

The method used in this study was modified further by in- 
cluding the determination of the plant lignan matoircsinol K JR- 
tranrt-dJhydroO.d-o/^^ 

2(3H)-furanone)] (intraaway CV - 15.2* and intxrassay CV 
- 1 3.9%) and the isoflavonoid ecnistein {d'.S.T-trihydroxyisofla* 
vane) (intraaasay CV - 4.5% and interassay CV » 1 1.6%) »n the 
assay (I). Because further samples from the present study were 
not available and because of the recent great interest in genislcin 
wc used this new assay in nine other Japanese subjects (three 
men, three women, and three children) Living In Kyoto and con- 
suming a traditional Japanese diet before and during the 24-h 
urine collection. 
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TABLE IA 

Urinary excretion oflignaiu and isofhvonoid phytoesirogenJ (pmol/d) in nine Japaneae subjects (six adults, three children) lining in Kyoto and 
consuming traditional Japanese diet during Lhe urine collection period 



Subject, 








TotaJ 










Total 


Tou) 


mi, agt 


Mttairesinol 


E&tcroLacionB 


Enlcradtol 


lign&nt 


DaidtciQ 


Equol 


ODcsmetbylangoleiuin 


Gentacm 


IwBavonotcU 


diphcnoU 


J.M.41 y 


o.oto 


0.05 


0.09 


0.15 


5.25 


6.(5 


0.12 


15.52 


27.04 


27.20 


2, F, 33 y 


0.003 


2,44 


0.15 


2.59 


3.11 


0.01 


0.98 


4.48 


8.58 


11.17 


3, M, 7 y 


O.003 


007 


0.09 


0.16 


3.23 


0.01 


0.06 


5.66 


8.97 


9.13 


4, M. 6 y 


0.006 


2.24 


0.68 


2.93 


2.15 


0,85 


0.S1 


3.41 


6.93 


9.85 


5, M, 8 y 


0.007 


0.04 


3.39 


3.43 


3.02 


0.02 


Oil 


4.80 


8.64 


12.07 


6. F, 42 y 


0.006 


3.25 


0.25 


3.50 


2.20 


0.16 


1.17 


3.55 


7.07 


10.58 


7, M,38y 


0.OI2 


0,70 


0.25 


0.96 


1.60 


0.07 


0.40 


4.93 


6.99 


7,93 


8.M, 26y 


0.019 


1.94 


a 18 


2.13 


3.38 


9.16 


0.23 


7.99 


20.76 


2189 


9,F, 30 y 


0.005 


062 


025 


0.88 


1.25 


3.28 


0.21 


1.85 


6.60 


7.47 


.i 


0.010 


1.26 


0.59 


1.86 


2.8 


2.19 


0.50 


5.80 


11.29 


13.15 


Geometric £ 


0.010 


OJO 


0.27 


1.17 


2.58 


0.25 


0.35 


4.91 


9.81 


11.89 



Tabic 1 A shows the individual urinary lignan and isoflavonoid 
excretion in the additional three men, three women, and three 
children studied by the new modified procedure, including the 
results of assays Tor fnataircsino] and genistcin. 



Reference 

I. Adlcrcreuvz H, Fotsii T. Bann^on C, WihWi K, Brvnow O, Haie 
T. Isotope dilution gas chromatograpbic-mass cpectromaric method 
for the determination of licnans and tfoflavonoid* in human urine, 
including identification ofcenistcm. Qin Chim Acta 1991 ;I99:263- 
78. 



.use 01 a mammalian ffjpyrene Metabolism Assay for the 
.Detection of Potential Anticarcinogens from Natural Products: Inhibition of 
Metabolism by Biochanin A, an Isoflavone from Trifotium pretense V 

John M. Gissady, 1 Thorns M. Z*nm'«, Voung-IIcura Cliae, Mark A. Ferin, Nuris E. Portunndo. and 
William M.Baird 

lieportmcar ef Mtdianot Ouariitry. S'rJtoot qfi'teMMty W Pka/mnrht Xefeaoer, tu*4u? VnUm&y, West tAfnytliti. Wi««<i i 70t» 



D2 



ABSTRACT 

Kaxnl on \Uv cpidiifnOi^tyiiaJ uviJvncv ftw a relationship between 
consumption of certain foods AKd dccrcnscd cancer mcidroce ia huaruu. 
an assay *u developed to scrttn jnd fractionate pfcinc extract* fvr 
chemttpruvenfive potential. Tbis assay measure* ctfccis mi the mctnbo- 
linn of |^IHH:iiio(aJ!pj7«Be VHfi)V\ in hamster embryo cell cuimw* 
Srrcmibg of seven I clarrt « tracts ha* generated a number iif activity 
lead*. The 95% ethyl alcohol extract of one af these icllvax, T/i/oU'um 
prattnsc L. Lcgumioosac. red clover, significantly tnhibtled tne tnetaao- 
lism of Bfa)r* nod decte^cd tb* level of binding of B(a)P tu DNA by 30 
in AA%. Ti.sitiL: lCtirUy-dJrcclcd froc unwitioii by solvent paniltonlne and 
then Alien eel chrottfniogmphy, a major Active eonpound was Isolated 
tfld f dear! fled an ihe Iviflaroee, biuchaiun A. TK« pure enmpttund de» 
cruuttfd the mcuibnlisiu or B(tt)P by 54% ia corapttUaU tn control cttliurcs 
nod decreased B(n)J'-DNA bindmg by >7 to 50% at a dote of 25 u&mL 
Ttin? irvdtea dtmun$tnite Oiat (he hydrvau-bon metabolism amy an 
detect and t*utUc the frttdiflanliou of potential Bniicnrcilinf>Qtt (turn 
plants. l~hc ability of the tcoflarane biocknaiu A lo inhibit carcinogen 
Derivation in nils hi editor* itrggethi that htvivo r Indies of fhfc tampuund 
a\ u pofcoliul ehcmnprcvLittlf a usctll iif e wurraalol. 



JCTTON 

11 urnnns arc exposed (p numerous carcinogens find mutagens 
cipily, some * voidable (sudi as cigarette smoidjig) and some 
virtually unavoidable (diet, environmental pollution, oxygen 
radicals). The diet has been shown lo have a profound cfTcclon 
the incidence and location of various human cancers worldwide 
(1,2), and epidemiological studies suggest thai certain dietary 
components may help to pre veal cancer induction. This pro- 
phylaxis hss been termed cancer chcmoprcvcntjoo. Wattcabcrg 
(j) h;u demoest rated I hat such agents may inhibit cancer in- 
duct ion by a number of mechanisms. One af the more common 
mechanism* u through inducing altunttions in the tin zy malic 
uctivfltion ur dttuxificsnion of carvr mi gens. 

Allbough many biological i_vjuyic have been luvd to examine 
the chemupreventiv* potential of various chemicals, there huva 
been r«!ativKiy few studius using activity-directed fractio nation 
to iaoUlif active compnund.s from plants. In addition, it is 
impractical to uxe i* vhn modcU to guide th«K! procedures. 
Loub ct al. (4) used an activity-directed fractionation procedure 
h:iscd upon induction of aryl hydrocarbon hydroxylase activity 
in the liver and intestinal mucosa of Sprcgue-niwley rats to 
isolate and identify several Indoles from croeifcrous vegetables. 
Kawcol and caffestol palmitatcs were isolated from green coffee 
beans (5) based upon an assay that measured the increase in 

Rc«r«d A/?0/*87: w-rwd </«/8P, 6/JO/88: taxptcd 7/6/88. 

11»c e«ls of imWiaiiion ^f \hh afUc»< **n defirajed in psrt by Ui< p9ynt«nt 
nrp:cc chirficfl. Th»J »udi tttifl iKtrtfort tx hereby marked Qdnxttemcnt *a 
accordjincc widi ia VS.C Smuqii I7A« *nl<ty (ft Iilrlicue thU fitL 

1 iupporitd hy USPHS Cum CA .IRIS I, Njiicmal Oncer Tnuituie, TVnJff 
ment uf Htolih «nd Huduh Scrvuct. Prciemed tn p*r: « the W8TJ Auhuj) 
Meeting i>f the Anenam Ajuocisrion for Ctnar Research. 

- l o wium kuuoij for rcpiinu should be addratcd, al the Colleec nf 
I'lr.ir.Tiiicr, lite Ohio Slntc lfoi*cn:ifv, SUU W. I3ih Avoouc, Columbia, UK 
O2I0. 



glutathione S-^nnsfemse activity in liver and inicsUnal mucosa 
of mice, r'mciicnl assays for nctivity-direeted (rnctiotuiiou of 
active plants must be rapid, sensitive, convenient, and cnpnbte 
of detcctins alterations in carcinogen metabolism. In this paper,, 
we describe die development and application of an Assay tint 
measures effects on ihe metabolism of i ! l l]benzo(fl)pyrene, o 
widespread environ men I a) carcinogen, (a early passage cultures 
of Syrian hamster embryo cells (6). Ttit chemical and analytical 
procedures developed for nclMly-dircctcd fractionation of an- 
tineoplastic compounds Cron plants (7, 8) were adapted to the 
Isolndor. aitd IdenUficatlou of potemiaJ anticircinoBcns from 
food and food phttts, such as red clover extracts, which signif- 
icantly inhibited the metabolism of bcnzo{a)pyxcnc and binding 
of Bfa)P 3 metabolites to DNA. 

MATERIAL AND METHODS 

SpKtroscopy aad Chroma I ographT. l H NXtK in rfcuTcritxrhJuroform 
was pitrformcd uxlnji a Varian XL-200, aod l3 C NMR io dcuterio- 
ciiJorofann wai measured on n Cheuwcnedcs A-2U0 ipectromeier. El 
and CI mass spectra <vcrc obratned on a I-'innhnin J 013 (ivadxupulc 
inaxs Kpuetrnmcter. Hiffh-rcsMuonn mikSs fcpeutra we no recorded nnc 
Kntoi MS SO. The 1R spectrum 'as performed en a Bedenun tR-33 
oiiog ;i KBr pellet. UV spectra were measured on h HeclonAn in 
rraithyl alcohol u^inj; Mtdium methoaide, A\0\ UO. and indium 
nutate as W shift reaecuis. 

Kor fL-uh column chromatography lfM 9385 Sj'Jich Gel 60 vscd 
fur the adaarhcnL Rddbl ehmifi&rAgraphy was performed nn a Qtnv 
uiflLot/ou Model 7924 mine a 1-, l- t or 4-mm rotor with EM 7749 
Silica Ccl 60 Ph* 254 as adsorbent. TLC plates were Mere* 57)4 SiUo 

Cell palnm Toxicity Assay. Hamster embryo cell cultures were 
prepared and grown as described previously (6). Tertiary cultures were 
plated in fiO-mm plastic dUhes (Fulcun) (5 X 10 s cells), and 2d h laicr 
ttu tea cojujiound wis added at 10-foJd dilutions from 500 p£/iul of 
medium lo 0.05 *.g/m\ for 24 li. Ai chat time the calm res which ncrt 
nppnuimiruJy Jt)% cunffucntwerc uKamlncd nicT^Meutpieally andicub> 
jeetively evaluated for the percentage of the celh drvidinc mid the cell 
density. The highest noninhitntory dose was selected fox uctabolisin 
KtudiejL 

B(a)T MctolMtiini Aasuy. Tertiary hamster embryo cell cultures (JO* 
cells per 25-cm" flask^ 3 fhsks per group) were placed in 8 mi of medimn 
dtantininv calf ^erum imd rrf«| «nth B ml ur fresh medium a/icr 
48 h. Seventy-two h after pJiiics, ''^ ouftires were treated with the 
test compound in DMSO or DMS'O as a coutrol and 30 min later l^j- 
fl(a)P (1 MK/ml; Vpcdfic rudUmctiviiy^ 0.2S Ci/nmof) was Added 
Tveoty-four h bter medium was removed and stored at -20'C. Ali- 
quota (0.2 ml) were eatractcd by n rwo-*raga chloroform: mcth.ino]:wurcr 
proccdare(6, 9). Thu asiay user initial misinfl with a vortex nliier in a 
single-phase system of chlorofonnmicihanobiratcr (including the me- 
dium) 0:2:0.8) to ensure complete extraction of the lipophilic hydro- 
carbon and t'U mebilfoliU:* fulliwcd by addition of I ml nf chlorofnnn 



' TK« ^bb«t»iai^ni n\ed an; H(fl)T\ bort«ifn)p ? reft«; Kfl C F liisK-p«rrof man« 
liquid ctimnutos^rVi TT.C, iMMajtcc dtm^oyaphy; NMlt, nuclear maa* 
Brttc «wnin«; MS. nun jp*ci rum; BKA, huiybicd hydmiyindole; OMSG. 
diinetnyl wilftividc, &X»|PDF, Tjt-dnwdrnjy-vJo^povy^^^.JO-ieiriaj'dro. 
t>cnio(fl)pyrcr.t; dCen, dcoxyjuiitrultu. 
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*fnr 10 miii, ihe aquemm phase *»M re ( ' '' u yv '' * 1 ' ' 

ofchloroforoi W eiwure complete uxl/actum. The culorolorm extracts 
wt-ff, fhen pooled, and Ihc radioactivity tn the uryante and uqueoua- 
r.ietlunol phaxo; wj* matured >iy liquid iclnfillat'en WUUtlrm QfO.I- 
ml oliquuu. Thi'j detraction procedure reiull* In TCCCWtrjr of Uiimchi- 
baited u(*)»> mid PhAic I wicmhelitex (diliydrodloli, qnliumts, and 
phcnoU) in the chloroform phnsr The wotcrntoluhlc metabolites hv 
emdfng fctocnronidfls and glutathione conjugates and multfitleoiidtnion 
product* arc retained in the Hflucot>s-rncth«nol phase. Sfnce (lie Urge 
majority or the metabolites Tunned from £(s)P In h.imsur ambryo culU 
ore water soluble (uicall^ nreulcr than S0%) (6), this assay provides a 
rapid uieasu re nfn(a)P metuboli*"*. 

BHA, .i Vnmtrn inhibitor of cureinuticncsis: and Tl(u)r metabolism 
(10), wu used to treat o pofcitive control group id oil aftSiyf 01 a 
ctinccDrr.iTion of 50 pg/til cf medium. The hiahesr nontoxic dole of 
DI U w»j xclccrd from molriplc experiments ux\ny different hamster 
embryo cell preparniiom, Do*e* of 75, 65, 50, aud 5 i*g/hll of medium 
were tested, end the results show that 75 jig/ml v/cn: tu*u: snd 6*5 *ts/ 
ml «*hihitcd borderline tnaicity, while 50 jig/ml showed a Kignificaat 
inhibition of BU)P tnewbolism with lio cell toxicity. The loves! dew, 
5 ji&fol, product no significant in hi bin on of U(x)V metrujoujem, Usiufl 
OWA as u positive control saw us tfti indication of the 'health And 
viability of the eetls in ihc culture Assay frtr that particular experiment 
and helped eliminate false uegalives. 

Analysis or H(a)l* Metabolites. The B(a)P metabolites in the orga/iie 
ph:w were .-nfalyzcd by H?LC an as Ultraspherc Q. coturaa (25 cut 
x 4.6 mm) eluicd with u mclhanpl.-wutur gradient ag inscribed previ- 
ously (6). UV absorbing tiAnrfards of authentic B(a)P muhibolihn 
(Chemical ilepository, Division of Cancer Etiology, National Cancer 
TruiitiiuO were included in each HFLC analysis. The radioactivity was 
miifiitnrcd mth a Flo- lint* ft flow monitor sut to update every 50 s. 

Butdiua of B(u)P to DMA. Tertiary hamster embryo cell culunvs (5 
x 10 T cells) wer* plated in 175-cm* flasks containing 50 ml of minimal 
essential medium with 10SC fetnl bovine serum. After 2 days (he culture* 
we rcfeil ivSth fresh medium and 2d h later with the rrsr compound, 
or extract in 15MSO was added. Five uj f 0 min later the cultures were 
treated With (H]B(a)P (J ufi/ml r»f medium, 0.5 mG/flail). Aricr 24 h 
of Incubation at 37T the cells we luntii^d, and DNA wis tsoliucU 
as described previovsty (1 1). The mdioactivSty lu an nliquot xm tneas- 
urvd by litjuid 5cinulUtion ammring, the a mourn of UNA was deter- 
mined by A~m, and thi^c vjIucs wltv used to aLlcvUrtc (he level of B(«)f* 
ni<iatwlite,i bound to DTSA, 

After enzymatic dce/odatloo or the DNA to deoxyriboiiudewudcn, 
rhe K(n)P:deoxyribaoucleoride adducts wore isolated by euTouuio^ra. 
»hy ort Scp-Pali C :J cartridges and analyzed by Hfi.C on a 25-cra 
d.A-mm tJlirasphcre C# Tccrecd-phase wlumn (tl). The column WS 
eluUd at a Row rate nr 1 .0 ml/mDl with raeUiunobvnter (4654) fur 3d 
run. a linear gradient for JO min (4b:S6 to 55:45J aad ai 55:45 for 24 
min. fifteen 1.0-ml fractions foUewed by 165 frnnioot (0J ml) >atee 
analyTvl by *dntill:itiun emmring. 

Plant IvjUruiiiim. Leaves, stents, »rtd OuwtrS of Tr\faVwm fT&tmSc L 
(red clover) were eiillectcd A voucher specimen is po depusit in the 
biolopy herbarium of the Department of Biology, rurdiit UnivcAity. 
Th'c fresh plant (?]8 g) was erosnd with Z liters of 95% ethyl alcohol 
in u ciimmeTci.il »izc W firing Wcadcr for 5 min. The blended material 
was tben nJlitwcil tu *t*n(l fur 30 min to cumpliKC the CTimerisD, The 
tnaterial then nitercd through o Dueh ner funnel, and the filtrate 
was concentrated in vacua tn give 46.5 a of the 95% ethyl alcohol 
extract. An aliquot was dissolved in DM SO and submitted Tor letting 
The 95% ethyl .ilcoltal crtimct was round to be active and therefore Was 
then further partitioned nccordin; to the scheme shown in Kig. 1. The 
luting dntn tux* shown in Table 1. AW fnatiuM *crc tested at the dose- 
respoiue dose which wvt defined as the percontoe« of lite 05 % cthafutl- 
exrractable material thai the fraction represented times the dos£of95% 
cih;r»al fracture u»d in the metabolism Assay (la (Ms case, 750 pg/ml 
orrcedium). 

Isolflttnn attO Idcotificatitm of A dive Cnaxp<*&Ktxlx. AliquuU from the 
solvent partition were submitted for testing. The active CMCIj fraction 
vra$ subjected To silica gel flash column chromatography with hexane, 



rV^KU*, MWII^) Mt|*.»MJ« «**^***»VM < #/, «••«•* »» 0 +1 J 

melhyl nloohul. Mine fntctioAS crcre eolJcctad, and aJiqiiots wre wken 
and submUbsd Tor LastinA. The column Croak m urbich mot setivc at tll< 
oVimr-rcspoose doso (Frsctlan ID) (fee Fig. I) was furtbor chrouaro- 
Sraphcd by ccnlrlfuyyl siltva u^ed TLC (Chromstotran) usirj; a CWOx/ 
methyl alcotiol solveiu emdicnt St&rtine with 2% methyl aicobol b 
CHC)> The fraction* «/bidi wtre co Ike led wvre combined According 
u\ the njcscncc of dmllit spots when analyzed by ail it* gel TLC 
developed In 255 methyl ulcnhAl in CHCj. Uai^d upon this, (he saopJcy 
were cumbincd into seven fractions which were tested for their effects 
on 0(a)T metabolism. The most active fraction eras further sepa- 
rated on another tiilrca gel Otnunatutrun ptatc developed ha a CHCIj/ 
muthyl aicobol Gradient, Based upon TLC profiles otuaab wc/tr enai- 
blned fnu three fractions. The most active friction (JB) coautmed n 
major enmponedt. AeeryeulIIuilion of this fraction irum acvcouti 
methyl alcohol gave a crystalline material, m.p. 2I7-218"C A Jtampie 
of autheotk htftthutun A was eiiircbased D*om Aldxich Chemical Co.. 
JU ( p.*;ia-219*C. A mixed m.p. dimmed no dcBTejtsion. The UV and 'K 
NMU duui were idesticaJ to btemture values DAd the MS and , l C 
MVfR djim ttfcrv etmsisccnt with the pubjUhed soructnre. 

ZxaniiiuUon of the interface fhtciiud, whicfa eras active at 2x the 
dusc-ccsponse dose, led (o ibe isolation of additional hiocha&jn A, aJong 
with Art tiniiUif u& fur won one tin (sec Fh;. 3). Formononctin vna inactive 
in the metaholism hfoossay. Biochnnin A represented about 30% of the 
interface fraction. 

RESULTS 

The results of bipasswy-direcced fi-aciionarion of (he active 
ethyl alcohol extract of red clover are presented in Fig. 1 and 
Table 1. The ethyl alcohol extract was active at doses from 500 
jtg/ml to 1000 Mg/ml; however, to si city was detected nc die 
highest dose (see Table 1). Further partition btg of the active 
ethyl alcohol extract wax dose responded from 750 pg/niL After 
partition fog between chloroform and eraler, the activity ap- 
peared in the chloroform ev trace Exnminatioa of xh& interface 
which was active at twice the dose-response dose confirmed the 
presence of biochantn A. Chromatography of the chJorofom 
fractton gave active column Frocrjoji ID, This fraction wns 
carried through wo separarions oo tlie CJiromuiotron to give 
in turn ucrJvc Fractions 2D on 3&. CrysUiliiutbn of Fraction 
3R gave 30 rag of the active consdtueat, biocbanin A- Fractions 
1X 7 IB. 2H. and 2F show activity at wicc the dose-response 
dose ane3 are undo? further investigation. The metabolites 
present in the o/gnuic phase of the t^nple treated with red 
cJover extract at 500 were analyzcrj by 11?LC and ihc 
nmount of die major primary S(r)? raetaholi tes was deurmJned 
(Fig. 2). The two major chanscs were a slight increase in the 
amount of 9-hycJro)ty-ll(n)F and a aiajor decrease in the amount 
of water-soluble metabolites bi the excract-tt'eated group. After 
/J-gluCuronid:Uc ircntmcnt of the aqveous phase, tlie amount of 
SMiydroxy- and 3-hydroxy-H(a)P in the red clover earcrart- 
treated group was reduced by ^0% and 22%, respectively, w j ien 
compared to DMSO controls. The micr-soluble metabolites 
were also decreased by 18% in the red clover estirnn-vcated 
cells. Thud the major effect of red clover extract was to inhibit 
the furmatioa of Q(a)F-phcaol glacuroaidcs. 

The eflcct of the crude 95% ethyl akuhul ettlract on the 
binding of B(a)P to DMA was aku examined (Table 2). At a 
dose of 250 Mfi/rnJ the catraet inhibited B(u)P-DNA bonding by 
30% to 4J% comparred to controls in three separate experi- 
ments. Analysis of the B(a)P-DWA adducts present in enzyme- 
t^gcttcd DNa samples by HPLC demonstrated thai the cxtrurt 
inhibited the formation of bnth the syn- and uari-kamms of 
B(a)PDE. The Q^-B(a)rDE-dCuo adducts ckcreaacd from 31% 
to 64% compared to controls, and the (+)-anU-Bfa)PDE-dGun 
addact decreased from 48% to 75%. 
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The effect of biochcnii: A on the binding of U(a)P to DNA 
in hamster embryo cell cultures was also examined. Biochanin 
A caused :i decrease in B(a)P metabolism at 25 pg/ml. 
After exposure of cultures to 25 /i£ of biochanin A Mid 1 jig of 
r\KlB(a>r» per ml of medium for 24 h, biochanin A rreniment 
reduced the amount of B(a)P bound per rag of DNA from 74.3 
pmol in ihe control group to 35.1. pmol in the biociionln A 
group in one experiment rind from 72.2 to 45.4 in a second 
experiment. Thus, biuchanin A inhibited the binding of iKaJJ* 
to DNA to an extent similar to thai obtained in ilic crude 
cxmci (Table 1). 



DISCUSSION AND CONCXUSJ.ONS 

There ore several bioassays which are under investigation for 
the detection of compounds suspected of having potential enn- 
ccr cliemopreventivc activity. AnUmuta genie activity in ihe 
form of an anti-Ames assay has been commonly used in the 
United Suus and Japan (13. 14). Mitscher d al. (15) used ihis 
bioassay to isolate and identify glnbrene, a known isoftaveue 
exhibiting antimutagenic activity. Nishino */ al. (16) used Ihe 
ajuitumoT-prnmotrng activiry of ulycyrrhetic acid against 7,12- 
dimethylbenz(a)antbracenc and tcieocidin as a model of cancer 
prevention- The decrease in formation of carcinogenic /V-ni- 
iroso compounds produced by n-locopherol and ascorbic ncid 



was usl J as a criterion for chtmoprc mention by Narlus el cl. 
(17) and Menish (18). Sokiyama et aL (19) used the inhibition 
of transformation of the mouse lOTfc cell line induced by X- 
rjy or MmclhyI-A' / -rlD-rv^nitrosoE\nnidine as u model to 
show the anticffrinogenic effects of Upopolysacthnndes ;ind 
indomctiuicin. The mduction of aryl hydroenrbon hydroxylase 
activity in li*er and intestinal mucosa of Sprague-Dawlcy rais 
was tj*ed by Wattcnbcrg et al, (3) to isolate and identify a group 
of indoles from cruciferoua *cgetM>le$ (20, 21). Another screen 
by Waiienbcrg «? cl (5) used the Induction of glutathione 5- 
trahsferase activity, a mnjor detnxtfiaition ttoZywe system, for 
a number of electrophiks, including many carcinogens, in 
mouse liver and intestinal mucosa to isolate a group of known 
diterpenes (rum green coffee beans. 

The screening procedure described in this paper measures 
effects on the ability of hamster embryo cell enhurcs to metab- 
olize the carcinogen B(a)l*. Induction of inhibition of B{z)Y 
metabolism nf treated cuhurcs by >20% as compared with 
control cultures was considered to be an active tcsu The altered 
paltern of metabolism was determined by HPLC analysis of 
the B{a)P metabolites formed, and the cfieccs on binding of 
U(a)r* to DNA are determined. Confirmed active extracts are 
(hen fractionated using thu btoassay as a guide. Advantages of 
our method arc that activity data can be generated within a few 
days after the extract or compound is tested, and a Urge number 
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Fi(. 2. The account of U(u)P m«ubolius formed is hnmstcf cmttryO Mil 
cultures in the presence ur ubwncc tif 500 pt/ml af red clover nude eitraiM. Tftt 
culture* wrrc treated, nnJ Ihr metfinm sanipka vied onalytrd n describtd *» 
"Mncrials und Mwthuti»." Mtd/nm samples were in*t«J wjlh 0-fcli»cut»nid»*c 
pr.or u> ctimowo tu itaernuj* ghjcuranlde coiyupuw. Columns, rown fnr 3 
faiki cer *rui'p: burs. SD. rtd dovcr cxtr»«-m:ilrd Mmpld I hit di(Tcre4 
MCaifjcundy Truoi the ivrmponding control (ba*ed upon Suidanl - * / tent P < 
O.Olj, i?. wntreK T. prctea^r^ control (£-G1ucutq£&Uc); T. pretttut (p- 
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Fltf. 1 Jdonsvtmcjt imlatcd rrore ird ffu«c' aid flowcra (25, 26). 

of difTcrcnl samples can he screened shnultsncously. AflcrpurC 
actrvu cumpouflds ore isolated und tticir effect on the metabolic 
activation of C(n)F is established, tiicy will then be further 
tested min\* i» bloassays to determine their effect on tumor 
induciion by various clnssts ofcarcituijrens. Thxsc //7 taoas- 
*ays are wacntiil for dewrmininp whether a compound aas as 
on anticarriaogen and agnin^t whicli cUwes of carciaugeos it 
was active. 

Thus far we have screened over 10 species and vjrietius of 
plants and vegetables comprising 27 families. One of the first 
plant extracts demonstrated to produce reproducible inhibition 
of B(a)P metabolism is the hnm\tcr cell culture fl&ny was that 
prepared from red clover. Based upon inhibition of B[alP 
metabolism the crude red clover extract was Iracrionaied, uid 
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Hanwttf rmbryo cell udltfftt crerc Cffpmrd to (be Wft ecftyl nlrabul ailnct 
of red clover st a do»» of 250 pg/inl of medium, and 10 mla later 3,0 aA of 

per ml of m«di«ni wi added. After 24 h. the nwdium w* fWwi»(£H, aud a 
lumfttc iMit uMiyxed ty chlcrfflftirmilnelhanoJ ouwiwo !M A«erito4 »n "Mate- 
rials trad MfUtodt." The percentage ^radioactivity tn Oir waiw pliia t» reported 
>i lite tweemaft* of waur-*nluhle B(aJP HKiabuUtcs. Pi» wu icolattd from 
(he cell*, and ilia kvd orntndma.«f B(o)P ma acuortl The OPU wm dtscsKd 
in lUttirrihonadensidcA, and ihr Amotrat of to* n»uV B(a)P-ON* oddecto va* 

determined by HPLC. 
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a pure active compound, hiochtuuft A, was isolated which 
produced an inhibition of B(a)P metabolism of 30 to 5096 at 
y.S lo 23.6 /ifi/ml compared io PMSO controls. Fvposvre of 
hamster embryo cell cultures to biochanin A hi n dose of 25 
tig/ml or medium resulted in a 37 to. 50% InblbiUon In the 
binding of Ufa)? to DNA. Th* compound appears to be one of 
the major components responsible for the inhibition afB(D)P' 
DNA interactions by the red clover extract. The strong corre- 
lation between the binding of aromatic hydrocarbons lo UNA 
and their carcinogenic activity suggests that biocnanin A is a 
good candidate for further testing to measure inhibition of 
tumor induction by hydrocarbons in animals. 

Several flavonoids have been shown to possess aniipnrdno- 
Ktnic activity (3). 7,8-Bejuoflavone, a. synthetic flavonoid, is an 
inhibitor of microsomal mwed-function oxidases and inhibits 
the metabolism, binding to DNA, and tumurigencsis of 7,12- 
diracthyibCfl*rfc)antJuflCfine in mouse skin (22). This saae fla- 
vonoid aJtu inhibits the metabolism of B(a)P in rat hepatic 
miLTosuroo that have been induced *nth 3-methyldiolanthrtnc 
(23). Huani: «e aJ. (24) examined 28 flavonoids for their effect 
on mutagenicity of &Alt-B(a)P17te in Salmonella and found that 
8 had significant amiautageuic activity. Interestingly one of 
the flavnnoids found to be inactive (505& inhibitory dose > 100) 
was gemstein, an isoflavonc related lo biochnnin A (see Fig. 3) 
Bnd a minor constituent of red clover (25. 26). Since the 
compound tested [B(u)PDE] was an ultimate mutagenic metab- 
olites of B(a)r\ that assay would not be expected to detect 
compounds that alter metabolic activation of fcf»P. Thus, 
various types of short-tem assays may be anticipated to detect 
amicarcinogens that wort by different mechanisms. In vjew of 
the requirement of the majority of claxscs of chemical carcino- 
fiens for nietaboMe activation and the ability of the nieuiboUsjn 
assay to mensure changes in enzymes both involved in nctivatiou 
as wcU as deioxificatinn, the hamster cell assay should be 
capable of delecting modifier* of curcinopco mclabolcin) thai 
act by a number of mechanisini:. The rcvulllt dcmonsirntc U)At 
i he effects of test compound* on B(a)F metabolism and DMA 
binding in hamster embryo cell cultures con be used to screen 
and isolnic pure compounds with potential anacarcinogenk 
activity from plants and other natnral products. 
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SPECIFICATIONS 

1. Title of the Invention 
Carcinostatic Agent 

2. Claims 

A carcinostatic agent whose active principle is 5,7,4-trihydroxyisoflavone (genistein) 

3. Detailed Description of the Invention 
Applicable field of industry 

This invention relates to a carcinostatic agent whose active principle is 5,7»4'- 
trihydroxyisoflavone (commonly known as genistein), and which is represented by the 
formula 

Prior art 

Genistein is a known compound, recorded in 1951 on page 3447 of the Journal of the 
Chemical Society. According to this article, genistein is a compound separated from a type 
of clover (Trifolium subterraneum L), and is reported to have a weak oestrogen effect. 
However, absolutely no carcinostatic action is reported. 

Action and effects of the present invention 

The inventors of the present invention recognized a substance in the fermentation products 
of microorganisms belonging to the Pseudomonas genus isolated from soil as having 



3 

carcinostatic action and, as a result of further research into the substance, determined that 
the substance was genistein, and perfected the present invention. 

The following describes the carcinostatic properties and toxicity of the compound of the 
present invention. 

<- Tumour cell propagation inhibiting action and DNA synthesis inhibiting action 

The carcinostatic properties of genistein were investigated through the following 
experiments on the inhibition of the propagation and inhibition of the synthesis of DNA 
in the following experimental tumour cells. 

(a) Tests on inhibiting propagation of rat cells transformed with Rous' sarcoma 
virus (RSV-3Y1) 

(b) Tests on inhibiting propagation of human epidermal carcinoma ceils (A431 cells) 

(c) Tests on inhibiting propagation of rat cells transformed with SV40 virus (SV 40- 
3Y1 cells) 

(d) Tests on inhibiting synthesis of DNA in mouse mast cell carcinomas (P815 cells) 

(e) Tests on inhibiting synthesis of DNA in mouse thymuses (EL-4 cells) 

Test methods and results of tests 

The tests (a), (b) and (c) above were performed in the following manner. 

The RSV-3Y1 cells (a), A341 cells (b) and SV40-3Y1 cells (c) were cultured in Dulbecco 
MEM (manufactured by Nippon Suisan KK) containing 2% calf embryo serum 
(manufactured by Gibco) and varying concentrations of genistein. Four levels of genistein 
concentration were employed: none added, 1 ug/ml, 3 ug/ml and 10 ug/ml. The numbers 
of live cells per dish were counted by means of Trypan Blue after the first, second, third 
and fourth days. The results are set out in Figure 1(a) to (b); 
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As can be seen from Figure 1, genistein was found to have the effect of arresting cell 
propagation at levels of addition of from 1 ug/ml to 3 }ig/ml, and the effect of inhibiting 
cell propagation was very strong at a level of addition of 10 fig/ ml. 

5 

The methods of tests (d) and (e) above were as follows. 

P815 cells (d) and EL-4 cells (e) were suspended in RPMI 1640 culture (manufactured by 
Nippon Suisan KK) to which 2% 56° C 30 minute inactivated calf embryo serum 

0 (manufactured by Flow Laboratories) and 80 ug/ml gentamycin (Manufactured by Essex 

■ , ' Japan) KK) had been added, and a final cell count of 2 x 10 s cells/ml was produced. 200 u.1 
per well of the cell suspension solution was placed in a 96 well flat-based microplate 
(manufactured by Sumitomo Bakelite), and genistein was added in the following 
concentrations: none, 1 fig/ml, 3 mg/ml and 10 jig/ml. The plate was cultured for 24 hours 

5 in a 37° C 5% C0 2 culture system, whereupon 0.1 jiCi/well of [ 3 H] Thymidine 
(manufactured by Amersham Qapan) KK) was added, and the solutions were cultured for a 
further 18 hours. The cells in each well were collected by glass fibre filter (Whatman 
GF/C) , and the filters were dried and placed in scintillation vials, toluene scintillator was 
added, and the uptake by [ y H] Thymidine was measured by means of liquid scintillation 

) counter. The results are set out in Figure 2. 

As can be seen from Figure 2, when 3 ug/ml of genistein was present in the culture 
solution, the uptake of Thymidine by the P815 cells was restricted to. approximately 50%, 
while at a level of 10 u.g/ml, the uptake of Thymidine by the P815 and also EL-4 cells was 
> completely inhibited. 



t Inhibiting action against tyrosine-specific phosphorylase 
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The inhibiting action of genistein against various enzymes was measured in relation to the 
following three types of tyrosine-specific protein kinase (a to c). two types of serine and 
threonine protein kinase (d and e) and other enzymes (f to h). 

(a) Tyrosine-specific phosphorylase derived from mouse carcinoma virus (Src gene 

(b) Human epidermal carcinoma cell propagation factor receptor (EGF receptor, 
A431 cell) tyrosine-specific phosphorylase 

(c) Tyrosine-specific phosphorylase derived from cat carcinoma virus (fes gene, 

ppllO'*). 

(d) c-AMP dependent protein kinase 

(e) Phosphorylase kinase 

(f) Phosphodiesterase 

(g) Na\ K + -ATPase 

(h) 5 -nucleotidase 

Of these, (a) to (c) related to tyrosine-specific phosphorylase derived from carcinoma genes, 
and (d) and (e) to serine and threonine protein kinase. 

The method of measurement of the inhibiting action of genistein on the enzyme activity of 
these, and the results of such measurements, are shown below. 

Method of measurement 

(a) Method of measurement of activity of tyrosine-specific phosphorylase derived from 
Rous' sarcoma virus (Src gene pp6O'"0 (see M.S. Collet and R.L. Elligson: Proceedings of 
the National Academy of Sciences of the USA, vol.75 pp2021-2024 (1978)) 

3Y1 cells (fibroblasts derived from rat embryo kidney) transformed by Rous' sarcoma 
virus (RSV) are grown, and after washing with RIPA buffer (0.5% NP40, 0.1% sodium 
deoxycholate, 50 mM Tris-HCl pH 7.2, 1 mM phenylmethyl sulphonyl fluoride 
(PMSF), 0.15M NaCI) is added, and the cells are solubilized by being allowed to stand 



for 30 minutes at 0° C. This is centrifuged for 20 minutes at .100,000 x g and is then 
inoculated with RSV, antiserum obtained from carcinoma-infected rabbits is added and 
the mixture is incubated for from 30 minutes to 1 hour at 0° C and the pp60 in: and 
antibodies are reacted together. The immune complex is concentrated by mixing with 
protein A-Sepharo$e-4B (manufactured by Pharmacia) and is then washed in RIPA 
buffer. The pp60 ,rc -antibody- protein A-Sepharose-4B complex so formed reacts for 5 
minutes at 30° C in 20 mM Pipes-NaOH pH 7.2, 5 mM MgCl 2> 1 mM DTT and 10 urn 
[y- 32 P] ATP (2 mCi/rnmol), the protein kinase reaction is performed, whereupon a 
reaction halting solution containing SDS is added, the -mixture is boiled for 3 minutes 
and the reaction is halted. The reaction solution is subjected to electrophoresis with 8% 
SDS-polyacrylamide gel, and after autoradiography, the radiation from the pp60 irc is 
measured by means of a liquid scintillation counter, and the phosphorylation reaction is 
quantified. 

(b) Method of measurement of activity of tyrosine-specific phosphorylase from human 
epidermal carcinoma cell proliferation factor receptor (EGF receptor, A431 cell) (See S. 
Kornin G. Carpenter, and L. King: Journal of Biological Chemistry, vol. 255, pp,4834- 
3842 (1980)) 

Cell membranes prepared from human epidermal carcinoma cells (A431 cells) that are 
known to contain large numbers of EGF receptors are used as the enzyme source. A 
reaction solution containing genistein, 20 mM Pipes-NaOH pH 7.2, 10 mM MgCl 2 , 3 
mM MnCl 2l 1 mM DTT, lOuM (y- J2 P) ATP (2mCi/mmoI) and A431 cell membrane 
(protein content 10 ug) is allowed to react together in 50 \xl for 5 minutes, whereupon 
the reaction is halted, whereupon the reaction solution is subjected to electrophoresis 
with 8% SDS-polyacrylamide gel, and after analysis by autoradiography, the EGF 
receptors of molecular weight of .170,000 were examined for the presence of 
phosphorylation. The EGF receptors were further isolated, and the radiation was 
measured by liquid scintillation counter, and the extent of phosphorylation was 
measured. 
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• Method of preparation of cell membranes from A431 cells 

A431 cells propagated in Dulbecco MEM (manufactured by Nippon Suisan KK) 
containing 7% calf embryo serum (manufactured by Gibco) were collected, and cell 
membrane follicles were prepared by the method of Rowen et al. (See Stanley 
Rowen, Hiroshi Ushiro, Krista Stosiek and Michael Cingaz; Journal of Biological 
Chemistry, vol. 257, pp.1523-1531 (1982)). 

(c) Method of measurement of activity of tyrosine-specific phosphorylase from cat sarcoma 
virus (fes gene, ppllO ft< ) (See R.A. Feldman, T. Hanafusa and H. Hanafusa: Cell, vol. 22, 
pp.757-765 (1980)) 

Rat 3Y1 cells transformed with cat sarcoma virus and these cells were inoculated, and 
serum from cancer-bearing Fisher rats was used, and the protein kinase of immune 
precipitated ppllO fci was measured after the same manner as for pp60 ir \ 



8 

(d) Method of measurement of activity of c-AMP-dependent protein kinase 



c-AMP-dependent protein kinase prepared from rabbit muscle (protein content 4 |ig) 
(manufactured by Sigma) reacts for 5 minutes at 30° C in 50 »\ of a reaction solution 

i containing 50 mM Hepes-NaOH pH 7.5, 10 mM MgCl 2 , 4 fiM [y- 32 P] ATP (2 

mCi/mmol), 6 mg/ml histone type IIA (manufactured by Sigma), 10 ^m c-AMP and 
genistein. This was spotted onto 2 x 2 cm Whatman filter paper P81, the filter piper 
was rinsed four times for 5 minutes on each occasion in 50 mM NaCl, and then was 
rinsed again with acetone, and the radiation was measured by means of a liquid 

D scintillation counter. 

{ 

(e) Method of measurement of phosphorylase-kinase activity 

40 mM tris-HCl pH 7.4, 100 pm CaCl 2 , 1 mM DTT, 10 mM MgCl 2 , 10 [y- 32 P] ATP 
5 (2 mCi/mmol), 10 \ig phosphorylase-b (manufactured by Sigma), rabbit muscle 

phosphorylase kinase (protein content 2 ng) (manufactured by Sigma) and genistein 
were reacted together in a 50 jil reaction solution for 5 minutes at 30° C, whereupon a 
reaction halt solution containing SDS was added, and the solution was boiled for 2 
minutes at 100° C to halt the reaction. The phosphorylation of the phosphorylase-b was 
0 measured by 8% SDS-polyacrylamide gel electrophoresis - autoradiography of the 

reaction solution, followed by measurement of the separated phosphorylase-b by means 
of a liquid scintillation counter. 

(f) Measurement of the activity of phosphodiesterase 

S 

50 mM tris-HCl pH 7.5, 8 mM MgCl 2l 0.8 mM EDTA, 0.02 mM DTT, 5 mM c-AMP 
(manufactured by Sigma), cow heart phosphodiesterase (protein content 10 ng) 
(manufactured by Sigma) and genistein in 50 nl in a reaction solution were reacted for 
30 minutes at 37° C. 
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50 ul of 10% TCA was added and the reaction was halted, the solution was centrifuged 
for 10 minutes at 5,000 rprn and 90 ul of the supernatant so derived was measured for 
phosphorus. The phosphorus colour reaction was measured by 660 nm absorbance after 
the addition to the supernatant solution of 3 ul of 1% Triton X-100, 350 ul of distilled 
water and 50 (il of 5N aqueous sulphuric acid containing 2.5% ammonium molybdate 
and allowing to stand for 20 minutes. 

(g) Measurement of the activity of Na\ K + Tpase 

Na\ K + Tpase was prepared by the method of Kawamura et al. (see Kawamura, Ota 
and Nagano: Journal of Biochemistry, vol. 87, pp.1327-1333 (1980)): The outer medulla 
of dog kidney was ground in a buffer containing 50 mM imidazole pH 7.4, 0.25 M 
sucrose, 1 mM EDTA, and 0.1 mM ATP by polytron (manufactured by Kinernatica) 
and then was ultracentrifuged to provide a microsome fraction that was extracted by 
means of SDS. 

(h) Measurement of the activity of S'-nucleotidase 

A reaction solution containing 55 mM tris-HCI pH 8.5, 5.5 mM MgCl 2 , 1.1 mM ATP, 
10 mM potassium sodium tartrate, 5-nucleotidase (snake venom) (manufactured by 
Sigma) and genistein was reacted in 50 ul for 3 minutes at 37° C, and the phosphorus 
levels of the reaction product were measured in the same manner as for 
phosphodiesterase. 

Results 

Inhibiting action of genistein in relation to various enzymes 



Enzyme 


IDjo (us/ml) • 


(a) pp60" protein kinase 


0.8 


(b) EGF receptor protein kinase 


0.7 


(c) ppll0 fa protein kinase 


6.5 


(d) c-AMP dependent protein 


>100 
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kinase 

(e) Phosphorylase kinase > 100 

(f) Phosphodiesterase > 100 
(£) Na + , K + -ATPase > 100 
(h) S'-nucleotidase > 100 

ID^: Level at which 50% inhibition occurs 

As is clear from the above results, genistein has a specifically inhibiting action against 
tyrosine-specific phosphorylase derived from carcinoma genes. 

Tyrosine-specific phosphorylase is believed to contribute to the propagation of carcinoma 
cells, and hence the recognition of a specific inhibiting effect against the action of this 
enzyme is the background to the carcinostatic effect of genistein. 

C57BL/6 strain mice were injected in the abdominal cavity with genistein, and the acute 
toxicity of the genistein was examined. LD^ was found to be not less than 500 mg/kg. 

In view of the above results of tests on its inhibiting effect on the propagation of tumour 
cells, its inhibiting effect on DNA, and its inhibiting effect on tyrosine-specific 
phosphorylase, genistein has an excellent carcinostatic effect, and moreover possesses a low 
toxicity, and thus is of value as a carcinostatic in the treatment of carcinomas in humans 
and animals, in the treatment of symptoms associated with metastasis of carcinomas, and in 
the prevention of relapse in carcinoma cases. 

The clinical dosage of genistein is from 200 mg to 1000 mg of the active component per 
adult per day, administered in from one to four doses. The amount administered may be 
adjusted appropriately according to the individual circumstances of the patient, such as 
condition and age and so forth. 

Genistein may be administered in isolation or in combination with other chemical 
treatment agents or immunological agents. Chemical treatment agents that may be 
employed in combination with genistein include cyclophosphamide, vinblastine, 
vincristine, adriamycin, 6-mercaptopurine, 5-fluorouracil, mytomycin C, pleomycin, 
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aclasinomycin, neocarzinostatin, cytosine arabinomide, actinomycin D, and nitrosourea 
and so forth. Immunological agents that may be employed in conjunction with genistein 
include for example creatine, BCG, [illegible], lentinan, interferon and interleukin and so 
forth. When genistein is employed in conjunction with other pharmaceuticals, the dosage 
5 of genistein is appropriately 1 of genistein to between 0.001 and 10 times the 
pharmaceutical employed in conjunction. 

The dose of genistein may be prepared in form for oral administration (tablet, capsule or 
liquid) or non-oral administration (for rectal administration, inoculation or pellet). Such 
: .0 dose of genistein may be prepared as a combination with any commonly employed carrier 
' I or vehicle blended in the normal manner. Any generally- employed carrier or vehicle may 
be employed, such as for example, in the case of tablets, water, fructose, lactose, gum 
arabic, gelatine, mannitol, starch paste, magnesium trisilicate, milk, maize starch, colloidal 
silica, potato starch or urea and the like. In liquid form, an aqueous or oleaginous 
5 suspension, solution, syrup, or elixir may be employed, and thee are prepared in the 
normal manner. For rectal administration, the genistein may be supplied as a suppository, 
and the base may be any normally employed base such as for example, polyethylene glycol, 
lanolin, cocoa fat, or Witefzol ® (manufactured by Dynamit-Nobel) and so forth. 

o 4. Simplified description of the drawings 

(1) Figure 1 (a), (b) and (c) show the inhibiting effects of genistein on the propagation of 
RSV-3Y1 cells, A431 cells and SV40-3Y1 cells. 

(2) Figure 2 shows the inhibiting effects of genistein on DNA synthesis in P 815 cells 
5 and EL-4 cells. 
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Figure 1 (a) 

Count?/disrt Inhibiting effect of genistein on propagation 
of RSV-3Y1 cells 
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Figure 1 (b) 

Inhibiting effect of genistein on propagation 
of A431 cells 
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Figure 1 (c) 
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Figure 2 
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Director, Patent Agency 

1. Statement of Matter 

Patent Application No. 89770 of 1985 

2. Title of Invention 
Carcinostatic Agent 

3. Person making Amendment 
Standing in matter: Patent Applicant 

Name: Yamanouchi Pharmaceutical Co. Ltd 

Address: 1-5 banchi, Nihonbashimachi 2-chome, Chuo-ku, Tokyo 103 
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Detailed Description of Invention within Specifications 
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(1) [English] Page 2 line 35 '(a) to (b) 1 changed to '(a) to (c)' 
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(2) [English] Page 3 line 19 'Src' changed to 'src* 

(3) [English] Page 3 line 39 'Src' changed to 'src' 

(4) [English] Page 4 line 4-5 'reacts' changed to 'is reacted* 

(5) [Not relevant in English translation] 
5 (6) [Not relevant in English translation] 

(7) [Not relevant in English translation] 

(8) [Not relevant in English translation] 

(9) [English] Page 5 line 4 'reacts' changed to 'is reacted'; [Not relevant in English 



translation] 



0 (10) 
.) (11) 
(12) 
(13) 



[English] Page 6 line 5 '3 minutes' changed to '30 minutes' 



[Not relevant in English translation] 
[Not relevant in English translation] 
[Not relevant in English translation] 
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SPECIFICATIONS 



1 . Title of the Invention 

Method of Manufacturing Isoflavone Compounds 

2. Claims 



I, Planus 

A method of manufacturing isoflavones, such method characterised in that, when isoflavone 
compounds are manufactured from soybean extract solution or soybean meal, the soybeans or 
soybean meal is heated to between 45°C and 55°C during any one, or a plurality of, the 
soaking process, the grinding process, or the enzyme reaction process after the grinding 
process, in such a manner as to maximise the (3-glucosidase activity in the soybeans. 



3 . Detailed Description of the Invention 
Applicable field of industry 

The present invention relates to a method of manufacturing isoflavone compounds and more 
particularly, isoflavone compounds that are rich in aglycones, from soybeans. 

Prior art, and deficiencies thereof 

Soybeans contain isoflavone compounds such as daidzin, clycitin, genistin, daidzein and 
' Ostein and so forth, and these are known to have such physiologically active effects as 
oestrogen effects, antioxidant action, antihaemolytic action, antibacterial action, anti-lipaemic 
action, and anti-cholesterol effects and so forth, and moreover, such isoflavone compounds 
have been recognised recently as possessing such cancer-controlling effects as inducing the 
differentiation of cancer cells and preventing the cancer genes and so forth, such that the value 
of such isoflavone compounds has received great attention. 

Such cancer-controlling and other pharmaceutical effects of the isoflavone compounds are not 
due to glycosides, but principally to such aglycones as daidzein and genistein and the like. 
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JP 62-126186 for example reveals a method of deriving isoflavone compounds from soybean 
extract solution, but because at least 95% of the isoflavones present in soybeans are present as 
glycosides, the isoflavone compounds derived by this method are principally glycosides, and 
only very small amounts of the aglycones are produced. 

Means employed in order to overcome such deficiencies 

The inventors of the present invention investigated methods of deriving at low cost and in 
large volumes the aglycones that, are the extremely valuable portion of the isoflavone 
compounds, and discovered that the action of p-glucosidase in soybeans readily breaks down 
f the sugar bonds in the isoflavones in soybeans and converts such isoflavones to aglycones, 
ind that such conversion reaches a maximum at a temperature of 50° C and a pH of 6.3. 

The present invention was developed from this discovery, and is a method of manufacturing 
isoflavones, such method characterised in that, when isoflavone compounds are manufactured 
; from soybean extract solution or soybean meal, the soybeans or soybean meal is heated to 
between 45° C and 55" C during any one, or a plurality of, the soaking process, the grinding 
process, or the enzyme reaction process after the grinding process, in such a manner as to 
maximise the p-glucosidase activity in the soybeans. 



i 
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The following is a more detailed description of the present invention. 

The soybeans that form the raw material may be in any form, provided only that the enzymes 
therein have not been deactivated, and such forms as minimally denatured de-fatted soybeans, 
soybean meal, shelled soybeans and whole soybeans and so forth may be employed. 

In order to manufacture the isoflavone compounds from the extract solution from such 
soybeans, the soybeans are soaked in from five to ten times as much warm water at a 
temperature of from 45° C to 55° C, and the soaking water forms the extract solution which is 
the raw material for refining, while because the proportion of daidzein in such soaking water 
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is approximately 10% higher than that in soybeans, such soaking water forms an excellent raw 
material for refining. 

Moreover, when soybean meal is employed for the manufacture of the isoflavones, soybeans 
that have been soaked in the manner described above may be ground together with the soaking 
water, or the soybeans may be soaked in water at room temperature and the soaked soybeans 
may then be ground at between 45° C and 55° C, or the soybeans may be heated to between 
45° C and 55° C after grinding, in order to bring on the enzyme reaction, but preferably the 
soaking is conducted at from 45° C to 55° C and the beans are ground together with the 
soaking water at from 45° C to 55° C, with the meal so obtained being held at a temperature 
Df from 45° C to 55° C for several hours. In this manner, the proportion of the isoflavones in 
the soybeans is greatly increased. 

The soybean extract solution or soybean meal obtained in this mariner is employed as the raw 
material for refining, but there are two methods of refining the isoflavone compounds. 

One method involves refining by solvents. In this method, the raw materials for refining, 
namely, the soybean soaking water or the soybean meal, is powdered by drying in hot air or 
by freeze drying and the like, the powder so obtained is de-fatted by means of n-hexane or 
petroleum ether and the residue is dried and then extracted, whereby isoflavone aglycones 
only are obtained. 

In the second method, the isoflavone compounds that are contained in the powdered raw 
materials for refining are reflux extracted by means of hydrated alcohol, the extract solution so 
obtained is concentrated and dried by known art, the residue is dissolved in a small amount of 
hydrated alcohol and adsorbed to a reverse phase type resin such as for example YMC-GEL 
ODS-A Type 60-01 (manufactured by Yamamura Kagaku Kenkyujo KK) or Diaion HP-20 
(manufactured by Mitsubishi Chemical Ltd) and the like, whereupon the resin is thoroughly 
rinsed with water, the phenolic acid is eluted with 20% hydrated alcohol, and isoflavone 
compounds rich in aglycones are separated and produced by means of 80% hydrated alcohol. 



5 

Moreover, the aglycone fraction only may be obtained by flushing the glycoside fraction with 
approximately 40% hydrated alcohol and elution with 80% hydrated alcohol. 

The reverse phase resins employed in this case may be readily rinsed and regenerated with 
organic solvents such as for example alcohols or acetones and the like, and may then be 
reused. 

Moreover, the raw materials for refining may be refined by direct adsorption to the resin, 
without the raw materials being powdered. Soaking water may be brought into contact with 
the reverse phase resins without further processing, or meal may be filtered by known art and 
:he filtrate, or supernatant produced by centrifugal separation, may be brought into contact 
with the reverse phase resins. 

The following describes examples of experiments relating to the present invention, and 
describes the effects thereof. 

Experiment 1 

Shelled soybeans were soaked for 6 hours in five times their own volume of water at between 
20° C and 80° C, the soaked soybeans and the soaking water were cooled directly and frozen. 
The soaked soybeans and soaking water were dried in a freeze dryer and then powdered, a 
fixed amount was reflux extracted with 80% methanol, and a fixed amount of the measured 
material was analysed by high-speed liquid chromatography (Waters Model 209 D). 



5 



The results are set out in Table 1 . 



Table 1 
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t f»m n pr a h 1 VP. 


Proportion of aglycones (%) 


Soaked soybeans + soaking 
water 


Soaking water 


Genistein* 


Daidzein** 


Genistein* 


Daidzein** 


20 (° C) 


3 


5 






30 


8 


8 






40 


14 


16 


20 


36 


45 


18 


24 


23 


39 


50 


23 


29 


24 


40 


55 


21 


26 


33 


45 


60 


12 


15 


18 


36 


70 


6 


7 






| 80 


4 


4 







Genistein (mg) 



-xl00 



Genistein (mg) + Genistin (mg) 
Daidzein(mg) + Daidzin{mg) 
Experiment 2 

Shelled soybeans were soaked for 2 hours in five times their own volume of warm water at 
50° C that had been adjusted to a pH of between 5.5 and 1 1; the soaking water was acidified, 
and immediately filtered with a 0.45 um filter, and analysed by high-speed liquid 
chromatography, in the same manner as for Experiment 1 . 



The results are set out in Table 2. 



Table 2 
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As is evident from the results of Experiments 1 and 2, the maximum conversion to isoflavone 
aglycones is achieved at a soaking temperature of between 45° C and 55° C and a soaking 
water pH of 63. 

Practical Embodiments 

The following describes practical embodiments of the present invention. 
Practical Embodiment 1 

5 kg of shelled soybeans are soaked for 2 hours in 25 1 of warm water that is maintained at 50° 
C 

Next, the soaking water is concentrated in an evaporator and dried, to yield 450 g of refining 
raw material. This is de-fatted by means of n-hexane, using a Soxhlet's extractor. The 
residue is then dried thoroughly and extracted by means of ethyl ether to yield 0.5 g of 
isoflavone aglycones. 

Practical Embodiment 2 

Shelled and soybeans that have been soaked as in Practical Embodiment 1 are ground together 
with their soaking water at 50° C, allowed to stand for 1 hour, and are then dried in a freeze 
dryer and powdered, to yield 4.1 kg of refining raw material. This is de-fatted by means of n- 
hexane, .and the aglycones are extracted by means of ethyl ether, in the same manner as for 
Practical Embodiment 1, to yield 7.2 g of isoflavone aglycones. The yield of aglycones is 
improved by 60% by grinding at 50° C and by standing at that temperature for 1 hour. 

Practical Embodiment 3 

50 1 of water at a temperature of 50° C is added to 10 kg of minimally denatured de- fatted 
soybeans (Nissei Soya Flour) and stirred for 1 hour. This is hot air dried by spray drying to 
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yield the refining raw material. The isoflavones are extracted by means of five times the 
volume of the refining raw material of hot 80% methanol and dried under reduced pressure to 
yield 103 g of a raw isoflavone fraction. This is redissolved in a small amount of methanol 
and passed through a <(> 70 mm x 100 cm column packed with ODS-A Type 60-01 
(manufactured by Yamamura Kagaku Kenkyujo KK) as the packing material and adsorbed. 

Next, the phenolic acid and isoflavone glycosides are extracted by means of 40% methanol 
and discarded, and the residue is eluted by means of 80% methanol and dried under reduced 
pressure, to yield 9.5 g of aglycones. 

Practical Embodiment 4 

1 kg of Diaion HP-20 synthetic adsorbent (manufactured by Mitsubishi Chemical) is added to 
25 1 of soaking water that has been employed for soaking shelled soybeans after the manner of 
Practical Embodiment 1 and stirred for 1 hour to cause the adsorption of the isoflavone 
compounds. Next, the resin is filtered off and washed with 20% ethanol to remove the 
phenolic acid, and is eluted with 80% ethanol in order to yield the isoflavone compounds. 
After drying under reduced pressure, the mass of the isoflavone compounds is 1.1 g. Such 
isoflavone compounds contain approximately 40% of aglycones. 

Applicant: Kikkoman Corp. 
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INTRODUCTION 

historically, phytoestrogens were first investigated 
when it was no ltd lhai ewes thai grazed Australia* 
clover pasture for prolonged periods of time be- 
came sterile* It was found thai the salve agents in 
the clow that precipitated sterility were estrogenic 
(I). Uur a similar phenomenon was observed to 
occur in the California quail during dry years, when 
fjiytoestrogco concentrations in available forage 
were increased (Z). 

Phytoestrogens arc defined as plan; substances 
that arc smiciunUly and runctfonatty similar to the 
gonadal steroid ^estradiol (EJ or that produce 
estrogenic effects 0). There are three main groups 
or nonsteroidal dietary estrogens. Phytoestrogens 
u<studc the tsoftavones (i.e., geoiiein, geoisiin, 
d4idzein, biochanin A. formononerm. and praten- 
seln) and tttc conmesuuis lie., couroestrol and a'- 
(Hnethytcoumcstrol). Mycoestrogerw or the resor- 
cylic acid lactone group (Le M zearalenone and 
icaralenoD are also commonly found (4). The struc- 
tural similarity between these substances, endoge- 
nous mammalian estrogens lE t and estrone), and 
; item synthetic estrogens (diethylstiloestroO have 
been studied (Figure I). Isoflavonei, the monocar- 
boxylic derivatives or the 15-C ftavones, and 
coumestans contain central structures of IS car* 
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tons. Both of rhcje^ ^usff Stfc derivatives of 
2-phenylchroman (figure I) and thus may be con- 
sidered a single family of compounds (3). The firngat 
resorcylic acid lactones and endogenous estrogens 
possess central structures of 17 carbons. 

The similarity among these compounds has led 
investigators to study the possibility chat phytoes- 
trogens might act on ohysiotogical processes and 
behavioral patterns to alter reproductive perform- 
ance (3). If reproductive effects occur, then these 
compounds might have a role in the evolutionary 
success or herbivores, perhaps rwdcin* the differ- 
ence between survival and extinction (or some spe- 
cies. U is possible that phytoestrogens, through 
mimicry of endogenous animal estrogens, function 
as defensive substances by which plants diminish 
the fertility of herbivores which feed on the ptants 
(6), In effect, the phytoestrogens may be seen as 
one of the many variables determining animal fit- 
ness for survival. This argument is supported by 
noting that animal species differ in their sensitivity 
to phytoestrogens (7)- Some species are relatively 
resistant to the estrogenic effects of these com- 
pounds, while others may suffer sterility as a result 
of prolonged ingestion of phytoestrogens. We have 
hypothesized that phytoestrogen-induced physio- 
logic and behavioral effects in mammals are signifi- 
cant rectors in the reproductive and therefore evo- 
lutionary success of the consuming species. Wc 
have .mtiaicd our analysis of this broad hypoihcsu 
by reviewing the available data relevant to the re- 
productive and general metabolic elTccu or phyto- 
estrogens in mammals. 
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PHYTOESTROGEN EXPOSURE 

Swire* «f phytoestrogens 

Phytoestrogens arc produced by numerous 
Leguminosac and grasses, including many plants 
commonly consumed by man and livestock (Tabic 
lj. The estrogenic components arc found in differ- 
ing amounts w all parts of the plant, including the 
seeds, the flowers, the leaves, the roots, and the 
Truits. Concentration* in cacti tissue depend on 
plant type (4,8). 

Of particular interest regarding possible human 
exposure is the pretence of phytoestrogens in 
marijuana and coffee. It had long been suspected 
thai the estrogenic effects of marijuana were due to 
o--tcirahydrocannabinol (THC), the major psycho- 
active compound. Smoking of marijuana signifi- 
cantly suppresses luteinizing hormone (LH) levels 



Tabic i. : Same common plants thai contain 
estrogenic substances 
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femegroite 

Pouio 
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Rice 

Safe 
Scnmc 

Sori sprouts 
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daring the human menstrual cycle and shortens 
both the menstrual cycle and the lutc&l-phasc (9). 
Since, these results agree with observations in 
ovariectomued rhesus monkeys injected intra 
muscularly li.m.) wftfe THC, it was assumed that 
(he menstrual cycle effects of smoke inhalation 
would be exclusively due to the THC content of the 
smoke (10). However, crude marijuana extract aad 
condensed marijuana smotte compete with estradiol * 
for estrogen receptors in the uterus or rats, while in , 
vitro studies detected no binding or cannapinoids to 
estrogen receptors (IIJ. These findings show ttu* 
marijuana contains estrogenic substances that may 
ho affecting reproductive processes viacannaimoid* 
independent mechanisms. Furthermore, apigenttt, a 
derivative of flavonotd phytoestrogens found in 
crude marijuana, is a moderately potent inhibitor of 
esuadbt binding to uterine estrogen receptors U I). 
Differentiation .between the suppressive effect « : 
THC on LH and the estrogenic effects ofmarijuan-t 
prr se remains unclear. 

Another plant product which is commonly in- 
gested for pleasure rather than nutrition is coffee. 
Like maruuana* coffee contains weakly estrogenic 
constituents, evidenced by the estrogenic effects or 
increased uterine-to-body weight ratio and totnl 
uterine protein coniem following administration * 
coffee extracts by gavage (12). Ultraviolet absorb- 
ance spectroscopy suggests lhai whatever tlus 
active compound may be. ii does not belong to one 
of the three major classes oroieiary estrogens (e.g.* 
flavonoids, coumestans, or resorcylic acid laC " 
ioiwj). Thus, coffee may contain an estrogen pre- 
cursor that requires metabolic activation or a sin**- 
turally unrelated estrogenic compound. 

MvuMUm. tfolfitoititm. unj vlr waiter 

The relative potency of a phytoestrogen «- 
pends upon the target tissue, functional state or «* 
largel tissue, the animal species ^vrtved. «aiid ^ 
route and pattern of delivery, In addition, the W"» 
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I U ., uf e<tnigcnic compounds itau occur in plants 
can be modified by metabolism whhin the herbivore 
or even by guj flora prior to uptake. Dietary iio- 
flavonc phytoestrogens undergo bacterial modifica- 
tion in (he gastrointestinal tracts of animals to yield 
equal, a weak* nonsteroidal phytoestrogen (8.13.(4). 
following ingestion of estrogenic plants, a tempo- 
re 50- to 1000-fold increase in urinary equol takes 
plitM, while insignificant traces of the initially con- 
sumed phytoestrogens appear m the urine. Note- 
worthy is (bat in* major urinary product following 
the consumption of geoistein and biochanin A is 
p-elhyl phenol, and Ebrmononetin consumption 
yields both daidicm and equol as the major urinary 
pr lucts (4). furthermore, gut microflora (14) con- 
vci j daidzcw to equol which in turn is absorbed and 
enters the cnterohepatic circulation. Notably* it ap~ 
pean (hat not all people have the ability to convert 
other isoflavonos to equol. This may be due to the 
absence of bacteria capable of the conversion of 
precursors to equol (as is the case in (he sterile gut of 
newborns), the composition (subpopulaiions) of In- 
te ma) microflora present, the intestinal transit cirne. 
pH, or redox potential. These factors may be influ- 
enced by diet, host immunity, medication use, etc. 

Receptor activity and interaction iWfn vndoKriUitts 
csirggeas 

Phytoestrogens exhibit binding to endogenous 
cs vgen receptors. Binding of phytoestrogens to 
c$ iDgcn receptors is supported by the finding (hat 
the larger the dose or phytoestrogen given an or* 
ganism, the greater the displacement of bound 
triliaiied (*H) E, (15). It has also been reported that 
at very high dosages, all phytoestrogens exhibit 
more than 8Q& competitive binding to renal tumor 
cytosolic eijrosen receptors (I6J. The structural 
re uisltes for estrogen receptor binding are met by 
phytoestrogens. For example, equol poKesses a po- 
tency on Che order of KT* the estrogenic activity or 
Ei and contains a phenyl substituent also present in 
E* and to DBS (Figure 1). The substiiuent consid- 
ered u be a requirement for estrogenic activity is a 
hydroxyl group in the same position as the hydroxyl 
gr*up in (he benzene ring of £, (M). Another struc- 
lu-il similarity which facilitates estrogen recepior 
binding activity of equol and other phytoestrogens 
W that the distance between and C-I7 in E. U 
about equal to that between the two hydroxy!; in 
equol. 

Considering the large quantises of phytoestro- 
gens ingested by many mammals including man. 
Fi xilonaily significant estrogen receptor occtr 
p*mcy by phytoestrogen* occurs. Since no phytoes- 



trogen has receptor affinity equal to thai or E t « 0 
the degree uf DNA stimulation due to phyioextn 
gens appears to be substantially less than that evoke 
by Ei (8). phytoestrogen actions could be either e: 
trogenic or ami-estrogenic. In u relatively hypoe: 
irogehic individual, receptor occupancy by wea 
(exogenous) estrogens would likely produce c- 
trogenic effects, while in a normally estrogenic 
individual. Urge amounts of weak estrogens migr 
diminish the eReciive estrogenic activity b 
competition with.E s . 

REPRODUCTIVE EFFECTS IN MaMMaLS 

Phytoestrogens have been shown to influence vir 
tually every aspect of the mammalian reproductiv. 
process via effects on the morphology and physiol 
Ogy of reproductive organs and alteration of sexuit 
behavior. The changes au^te^u^rstble or irre 
versiBie, depending on tt^Surailoir^ dose of ex 
posure to the phytoestngens. 

i 2 J A . 
Ctmx. V* 

A pubertal pattern^ ceil dif^goliaiion ha* 
been noted in ewes rcnoe^tof itfgrfy chronic in- 
gfisuon of phytoesuogens^TW"^ Among these 
changes, the cervix assumes a uterine pattern. 
Folds present in the cervix fuse, resulting In loss of 
cervical crypts, and the cells of the lamina propria 
become like those of the uterine stroma. Further- 
more, glands having histochemieul reactions rem- 
iniscent of uterine glands become plentiful in the 
cervii. Such an increase in abnormal glands may be 
responsible for the different composition which the 
cervical mucus takes in sheep wan "clover dis- 
ease " at low phytoestrogen dosage, the cervical 
mucus has a lower viscosity, not due to a higher 
water content; but rather due to a decreased con- 
centration of glycoprotein — the component of 
mucus that affords its consjsuney. The level of 
glycoprotein seems to respond to the duration of 
exposure to the phytoestrogen rather to the dosage 
of the agent. Tnis change in the cervical mucus 
compounds the anatomical compromise of the cer- 
vix such that the cervical reservoir for sperm in the 
ewei is greatly reduced. Since sperm recovered 
from the cervices of clover-affected ewes exhibit 
decreased motility (17). it appears tnai the phytoes- 
trogen effect makes the mucus relatively "hostfle 
in the classic sense of cervical factor infertility. 
Such spermatowcity « not. understood in general 
nor in this specific case, . *• 

At higher phytoestrogen dosage, both higher 
volume and wiicr content of cervical mucus are 



observed in ewes (17.18). thus indicating that both 
cervical glycoprotein production and water excre- 
tion in the mucus arc affected. 

The cervical effects of phytoestrogens likely 
depend upon estrogen receptor mediation. In ewes, 
phytoesirogen treatment increases the rale or 
protein ahd sjycoproiein synthesis and the number 
or estrogen binding sites in the cervix, phi binding 
affinity, remains, unchanged (19). This finding im- 
plies that exogenous estrogen not only occupies the . 
available binding sites, but stimulates ihe local pro- 
duction of more sties. Such receptor "up-regula* 
won" may make the tissue more sensitive io estrogen 
action, and, if estrogen exposure continues, the cervi* 
cal alterations would become more exaggerated. 

Utentj 

Pronounced uterine effects of phytoestrogens 
are also observed. The mosi notable uterine change 
thai occurs is a marked Increase in its weight rela- 
tive to body weight, v/fcicti constitutes the classic 
bioassay for estrogen action. A dose-dependent 
uterine weight increase is precipitated by acute ad- 
ministration or an extract oftho Indian herbAWirynw- 
thts aipcrc in rats and hamsters at contraceptive 
dosage (75 mgflcg) and with as lUUe as 1/20 this 
dosage (20). Similar rbaulis have been observed 
in mice, rats, aad.hamsten with only 1/40 con- 
inceptive nose or ferujol extract (21). Stob (4) 
suggests that this hypertrophy of the uterus is the 
result or -typical estrogenic mechanisms," imply- 
ing estrogen-receptor mediation- However, a more 
complex response to daily s.c, injection of female 
lambs with the phytoestrogen ^sitosterol has been 
reported, in which uterine weight increases for the 
first two weeks or treatment but markedly de- 
creases over the next six-week period (22). Plausi- 
ble explanations for such biphastc results include 
receptor "down regulation" and induction or 
metabolic enzymes with enhanced clearance or 
l-stcosterol. Similar results were obtained using 
ovarieciomized ewes as the model (23). 

Another manifestation of the uterotropic effect 
or phytoestrogens is seen io ewes suffering from 
infertility due io prolonged exposure to these 
agents. A marked increase in activity of some 
uterine eniymcs and uterine DNA, protein, and 
glycoprotein synthesis occurs in such sheep (19). 
This observation indicates that at least a portion of 
the uterine weight gain is true hypertrophy rather 
than simply edema. At the same lime, lower levels 
of lipids wuhin the uteri of sheep fed phytoestrogen 

suggesl inhibition of synthesis or increased utiliza- 
tion of lipids within this organ (22). Thus phytoes- 
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trogens may be affecting different enzymes in dif- 
ferent fashions, stimulating the activity of somt 
while blocking the action of others. It is noteworthy 
that the uterine RNA-lo-DNA ratio decrease that 
occurs following ovariectomy is smaUer in clover* 
affected than in normal ewes. This response is ac- 
companied by less regression or (he uterus in clover 
affected ewes than in controls. These findings tndt* 
cate that . phytoestrogens action may be mediated 
via differentiations similar to those induced by hoi • 
monat steroids during fetal development (24). 

Cross structural lesions of the uterus may also 
result from phytoestrogen exposure and could ac- 
count for some instances of permanent sterility. 
Lesser lesions entail (he proliferation of cystic 
endometrium, myometrial fibrosis, and endometrial 
fibrosis (13). These lesions could certainly con- 
promise normal implantation of the coneeptus. The 
most severe structural (allure, complete uterine 
prolapse, is known to occur in some species following 
ingestion or some dietary estrogens (mycoestnagens) 
and obviously disrupts the reproductive process. 

tt is not clear whether phytoestrogens play any 
role in pregnancy wastage, but some plant prepara- 
tions have been used as aboriifacienis- Achyranilu % 
asptra. a common Indian herb claimed to posses 
aborafacient activity, did Induce abortion in mice 
and rabbits, but failed to show similar effects in ran 
(20). It is uncertain whether a phytoestrogen is the 
active agent of Achyraxtlw tfuu brings about abor- 
tion, but support for that possibility derives from 
the finding that rniroestrol. a phytoestrogen from a 
legume tree root, Is used by Burmese and T» Si 
women in plant extract form to induce abortion (25). 
The mechanism for such an aborOfacient action of 
these compounds is unstudied and any effects of 
phytoestrogens on uterine contractility per sc have 
not been determined in either the gravis or non- 
gravid state. 

Phytoestrogen efTccts on uterine function r;iy 
relate to alterations in activity of several enzyn ^ 
Undor normal circumstances, oxidative eniymes in 
ihe uterus show slight reactions in the endometrium 
and uterine elands, bui after administraiion of 
0-sUosicrol. these %*eak reactions arc curtailed (22). 
Such an inhitmion of oxidative enxyrnaiic activity m 
ihc uterine endometrium and glands may reduce 
local energy production due to an inability to re- 
plenish NAD* anU NADP-r. This circumsta.»« 
would diminish trie ability of the uterus to control 
and might decrease secretory capabilities or tnc 
uterine glands. f 
Alkaline phosphatase in the uterine tissue hi 
ewes also responds to fMiiosicrol in » biphase f» - 
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icro. Alkaline phosphatase activity increases over 
the first two weeks of dally 0-siiostcrol injections 
and decreases over the second two weeks of injec- 
tions {71), This disturbance in alkaline phosphatase 
activity may alter coll permeability and transport of 
nutrients by uterine cells. 

Acid phosphatase activity in the uterus de- 
creases with increasing dose and time of daily 
^-sitosterol treatments over an eighi-weefc span 
(22), Such an inhibition would decrease free phos- 
ptwrous, and may relate to the more general obser- 
vation of decreased plasma phosphorus levels in 
exposed animals. 

Uterine cholinesierase activity also decreases 
following 0-sltosierol treatment . as evidenced by its 
Jiminished activity towards aceiylihioeholine (22). 
This inhibition or activity is accompanied by a 

downward shift in sodium ion transport and do- 
crcased sodium in the uterine luminal fluid. It is not 
clear whether effects on sodium transport and 
cholinesierase activity are coincidental or truly 
associated processes in this instance. 

Ovaries 

While many anatomical effects of phytoestro- 
gens have been described, physiologic changes in 
the reproductive tract are more subtle, but perhaps 
more consequential. Ovarian cyclicity may be dis- 
rupted by phytoestrogen exposure in mammals and 
birds (2.14.23,26). but interruption of ovulation due 
to short-term phytoestrogen ingestion is reversible 
(26). It is plausible that human vegetarians may 
have ovulatory dysfunction but suffer no other 
Obvious physiologic abnormalities due to their 
„ diets (|4|. Abnormalities of ovulation may be due 
to direct ovarian actions since administration of 
jS-sitosterol tp ewe* inhibited follicular development 
and altered the size distribution of follicles (22). 
Follicles were observed to show degeneration with 
intrafollicular hemorrhage and the development of 
shrivelled oocyte! with lipid inclusions. The sug- 
gestion of a direct ovarian action of phytoestrogens 
in perturbing follicular maturation may be sup- 
ported to some extent by a study which showed that 
in rats intraperitoneal administration of an extract 
from a plant species known to contain high concen- 
trations of phytoestrogens inhibited follicular mat- 
uration (26), Obviously, these studies cannot distin- 
guish between direet ovarian and indirect effects on 
follicular growth. 

More direct evidence that the follicle may be a 
site of phytoestrogen activity derives from in vitro 
cultures of bovine granulosa cells. In this system, 
lower dosages of genistcin and biochanin A in- 



creased progesterone synthesis w|iilc higher Uos 
ages inhibited progesterone synthesis (27). Since 
progesterone is essential in the establishment ant 
maintenance of pregnancy, such an inhibition oi " 
progesterone production would be a plausible ex- 
planation for both failure of conception and earl> . 
pregnancy wastage. 

The possibility that phytoestrogens might be 
toxic to oocytes or early embryos was suggested in 
a single study (7). Mice fed coumestral and then 
mated produced degenerate embryos exhibiting un- 
evenly distributed cytoplasm and lack of symmetry 
in size among blasto meres, suggesting alterations in 
cleavage rates. Extensive vacuolization found in the 
ova also suggests that failure of fertilization of these 
ova may account for part of the observed decrease 
in litter size in mice fed coumestrot. 

The activities of two ovarian enzymes appear 
to be influenced by phytoestrogens. First, low 
doses of phytoestrogen inhibit 17.20-lyase in bovine 
granulosa cells (27). This effect could profoundly 
alter the pattern and capacity or the steroidogenic 
pathways within the follicle or corpus luteum. The 
precise mechanism by which this effect occurs is 
improve*. Second, alkaline phosphatase in the 
ovaries is affected by phytoestrogen exposure (22). 
While the overall alkaline phosphatase activity is 
about equal in the ovaries of 0-sitosierol-ireaied 
and control ewes, the control ewes show an intense 
reaction m the zona pellueida with a weak reaction 
in the interstitial tissue.. Treated ewes exhibit an 
opposite response. Thus, a reversal of activities is 
seen where phytoestrogen is acting both w stimu- 
late and to inhibit the same enzyme in iwo different 
sites within the ovary. While a mechanism for this 
action is not known, such changes in the activities 
of ovarian enzymes might compromise ovulation 
and Increase the incidence of follicular degencrauon 
in animals treated with phytoestrogens. 

CNSlpiiuitary . 

Some phytoestrogen effects on ovarian func- 
tion appear to result from indirect action on the se- 
cretion or gonadotropic hormones (7). In this con- 
text there are four possible mechanisms of 
phytoestrogen action; U ihcy are Ei agonists, 2) 
ihey are E, antagonists, *) they act as both E, 
agonists and antagonists, and 41 they act in a nones- 
troscnic capacity. Available information best sup- 
ports tne third of these possibilities (muted 
agonist-antagonist effects). The site of phytoestro- 
gen action could be Ihc CNS (especially nypolhate- 
mus). the pituitary, or the gonad (see previous sec- 
tion) 
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. The effect of intraperitoneal injeeiion or 
phylocsirogen-rich Dicffmhuckui <tm*tcnu extract 
in rats on LH. rotlicle-siimulatlng hormone (FSH). 
prolactin (PRL), progesterone, and d have been 
studied (M). In treated rata, levels of LK r FSH.and 
progesterone increased for doses of 2 J, 5-0. and 
10.0 mgftg of estraet, while the levels of PRL and 
Et decreased at the same dosages. Progesterone 
levels showed a biphasie response, increasing at 
low doses or (he extract (26V but decreasing at 
higher doses (27). Since no obvious single mech- 
anism would explain all of these pituitary and ovar- 
ian hormonal changes, (he extract may contain 
more than one endocrinQlagtcally active substance, 
or more Uvan one she or mechanism of action might 
.be involved. 

There are data to suggest chat phytoestrogens 
act both at CHS and pituitary levels to alter 
gonadotropin secretion. In both ovariectomized 
ewes (23) and intact elovcr^aflectcd ewes (17), the 
best explanation for the impairment of gonadotropin 
secretion was a hypothaJamic/CHS action. In par- 
ticular, in clover-aHecced owes, an LH surge could 
not be elicited by exogenous Ex administration 
{consistent with loss of positive feedback), but the 
LH secretory response- to exogenous gonadotropin- 
releasing hormone was normal (17), suggesting no 
• pituitary effect. Our own data 08) show that acute 
phytoestrogen administration can alter (toRK-ift- 
duccd LH secretion in ovanectomixed rais and thus 
suggest (hat the pituitary may be a site of phytoes- 
trogen action in other situations. 

Interactions between reproductive effects or 
phytoestrogen exposure and photoperiod in sea*, 
sona] breeders have been investigated. In norma) 
intact ewes, the frequency of LH pulses and plasma 
LH concentration are higher during breeding season 
than during anestrus season. In clover-diseased 
ewes, she frequency of LH pulses and LH concen- 
tration during breeding season are nearly the same 
as in normal ewes. In contrast during anestrus sea- 
son, these LH pulse parameters remain at (he high 
level of breeding season in ek>ver*affecicd ewes, 
rather than decreasing as in normal ewes (IB). 
These results suggest that a dissociation of normal 
photoperiod controls from the LH pulse generator 
may resuli from prolonged phytoestrogen exposure. 

In ovariectomized ewes given estradiol im- 
plants, LH pulse frequency and amplitude vary sea- 
sonally, rather like the pattern seen in intact ewes. 
This seasonal variation in LH pulse frequency in 
: ovariectomiicfl ewes could depend upon extra- 
ovarian steroids from the adrenal glands, other in- 
trinsic photoperiofl-dependeni CHS functional 



changes, or dietary estrogens. Results from one 
. study suggest (hat dietary eoumestrol decreases ib- 
ampJiutde of LH pulses' but fails to affect the fre- 
quency of LH pulses or FSH concentrations during 
the breeding season (23). During anestrus, eoumes- 
trol does not alter any of these variable*. Thus, 
eoumestrol could only be partially responsible for 
the seasonal decrease in LH pulse frequency in 
ewes...-. 

Sciunf behavior 

Changes In sexual behavior due to phytoestro- 
gen exposure parallel the known physiologic ef- 
fects. Clover-diseased awes are slower than normal 
ewes to exhibit estnw behavior in response to either 
a single or several daily doses of Et ( 17,29,30). Ac- 
companying the delayed estrus is a rearrfing of t?-s 
first njouni of the ewes by the ram, although \nc 
numbqr of days on which the awes allowed the ram 
to mourn them does not sixniftcantly differ from 
controls. A delay of estrus in mice fed eoumestrol 
also occurs (7), implying an antiestrogenic effect. 

Apparent defeminization of the sexual behavior 
response foUo wing consumption of phytoestrogens 
is displayed by clove/affected ewes. These e* s 
show aggressive behavior, such as challenging and 
head bunting of rams and other ewes, sooner than 
control ewes following administration or testos- 
terone (17). At the same lime the ewes are slower ia 
showiqg female behavior, such as standing to be 
mounted by a ram. Furthermore, clover-affccicd 
ewes exhibited less soliciting behavior than r- <■ 
mals. gowever, the number of ewes that stood ic oe 
mourned decreased equally over (he five-wees, 
period during which daily testosterone injections 
were given (30). Rclaiive to controls, clover- 
diseased ewes exhibit a significantly greater degree 
or eourting behavior 28 but not 21 days following 
treatment with testosterone. Other courting behav- 
iors thpt are less hormonally dependent, suci as 
anal aryl genial sniffing by ibe ewes, are not ahci*d 
(17,30). While mechanisms for these behavioral el- 
fects are not known, we do know that females and 
males have similar numbers of estrogen binding 
sixes in the hypothalamus, but estrogen-receptor 
complexes appear io have shorter nuclear acceptor 
occupancy in males man in females (31). Behave 
changes in clover*flewed ewes could result U< » 
change as simple as a decrease in nuclear accept 
occupancy by estrogen-receptor complexes. 

k causes a doae-deperidenl Increase tn tbe* 
cidcncc and duraiion of hormonerdependenl 
ior, inUc* (Tabic 2). where** S. *°^ Er 
hormolie.independem behaviors (30). 
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induced behaviors occur less in phytoestrogen* 
iffccicd ewes than in normals, white E, independ- 
ent Mhaviors occur with equal frequency in con- 
trir .and clover-diseased ewes. Since genera) be- 
havwr appears normal but female sox-ypecific be- 
bivior is compromised in phytocstrogcrwrwued 
ewes, reproductive success could be compromised 
on a behavioral basis. Hie relationship or phyto- 
rtirogetj-ioduced anatomic changes in tbe externa) 
genitalia and sexual behavior is not defined, but coi- 
tal ^mechanics couiabc altered « a result of such 

enw organ effects. While vulvar and vaginal hyper- 
trophy has been noted in various animals, mas- 
otlinizauon has been observed in ewes (17) with 
ctuoromegaly and fusion ofthe ventral commissure. 
Upon removal from estrogenic pasture, these 
changes do not reverse and could, therefore, per- 
manently alter sexual function. 

PUytoestrogenu: tffecu in males appear to be 
consistent with expectations for exogenous admin- 
istration or bioactive estrogen. Coqmestrol in- 
creases teat length in waters (23) and stimulates 
nummary hypertrophy in intact males. Rams 
grazed on estrogenic clover have reduced sperm 
counts (14), but it is not dear whether fertility is 
abetted. 

OPKERAL METABOLIC EFFECTS US 
MAMMALS 

Protein synthesis 

Some data suggest that phytoestrogens a/fect 
levels of plasma proteins. The effects of ^-sitosterol 
en plasma concentrations of albumin, alpha- 
v 4bulin, beta-globulin, gamma-globulin, and fib- 
rinogen have been studied P2). Normal functions of 
these proteins arc indicated in Table 3 (33). Even 
though total plasma protein concentration in mice is 
unaffected by s.c administration of ^-sitosterol, 
daily 25 to 100 Mg injections of the agent increase 
Tour of the plasma proteins, bul significantly Oe- 
. reasc the gamma-globulin complex. The mech- 
anisms of action of phytoestrogens in this system 
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are not established It is likely that the phytoestro- 
gens stimulate hepatic protein synthesis but inhibit 
production of gajrona-gtobuiius by lymphoid tis- 
sues. It is possible that (he increased alpha-globulin 
concentration is a compensatory occtirrepce to 
erythrocyte count reduction that occurs following 
administration of ^-sitosterol, thereby maintaining 
normal blood viscosity in the absence of norms) 
erythrocyte concenuation- The increase in the beta- 
globulin-fibrinogen complex appears to be correlated 
woh its affinity (or binding phosphorus. This affinity 
increases in response to ^sitosterol (32). 

&iVitr activity of ihe Kver 

Phytoestrogens influence enaymes in nonre- 
producuve as well as reproductive tissues. A relation 
between diet and synthesis of three enzymes in the 
liver of cheetahs has been shown. The affected 
enzymes, alanine aminotransferase, aspartate ami- 
notransferase, and gamma-gluuunyltiunsreme, de- 
crease in amount when cheetahs are taken off a diet 
high in soya bean content (thus high in phytoestro- 
gen content) and given a chiefcen diet (O). 

Inorganic plasma constirucnts 

Phytoestrogens induce mineral changes in the 
blood. Subcutaneous injections of 23, 50, 75. or 100 
ug of ^-sitosterol increase calcium levels in mice, 
while doses of 5 or ID/*g of the phytoestrogen have 
no effect on calcium levels (34). Since E, inhibits 
bone mobilization . ^-sitosterol may ad by causmg 3 
decrease in E, levels via inhibition of gonadotropin 
secreuon from the pituitary. Decreased ovarian Ei 




- 18 Reproductive Tuicglogy 

production might then result in increased bone : 
mobilization end increased scrum calcium. Surpris- 
ingly, blood plasma phosphorus levels decrease fol- 
lowing administration uf 5 to 75 pg dose) of 
^-sitosterol in mice, but show liule change in re- 
sponse to a 100 jig dose M). Decreases in phos- ... 
pnoras could be due to an enhanced rate of storage 
in an exwavascularcomparwneni. increased utilixa- 
lion of phosphorus by tissues, or increased renal 
clearance. 

While ^-sitosterol doses of less than 5 f+g fail to 
ehaa&t plasma magnesium levels, higher doses de- 
crease plasma magnesium and increase both hepatic 
and intramuscular magnesium 04). Since mag* 
nesium is a smooth muscle relaxant, changes in 
uterine or tubal smooth muscle motility could result 
indirectly from this phytoestrogen action. 

PHYTOESTROGENS IN HUMAN DISEASE 

Ocktcriaus roles 

Phytoestrogens have been suggested to play 
both deleterious and beneficial roles with regard to 
illness. In the diets or cheetahs , phytoestrogens 
cause vascular hepatic lesions, in which the cen- 
irilobular and sublobular hepatic veins arc partially 
or totally oecluoed 03). The possibility or human 
hepatic dysfunction must therefore ai least be con- 
sidered. 

Vascular disease may be correlated with the 
consumption of dietary phytoestrogens (35)- Coro- 
nary heart disease has been suggested to be associ* 
ated with phytoestrogens consumed indirectly 
through the milk or cows; that is, the taciating cow 
consumes the phytoestrogens while grazing and. in 
turn, phytoestrogens in cow*a milk ore consumed 
by humans. One basis for this proposal is that 
phytoestrogens have more structural similarity to 
DES, a potent lynthctic estrogen found to have 
atherogenic properties, than to endogenous estro- 
gens such as E|. The higher rale of coronary heart 
disease in human males might be explicable in pan 
if human females are found lo be better aDle to 
metabolize and excrete phytoestrogens. 

Dietary estrogens could be a factor in cancer 
initiation in hormone responsive tissues, but no 
such instances have been demonstrated. Certainly 
phytoestrogens bine to both rat and human mam- 
mary tumor (issue and show competitive binding for 
mammary tissue £, receptors (15) raising (he 
possibility of stimulation of estrogen-dependent 
neoplasms. 

Bewfiaat rniei 

Estrogens have two opposing effects on 
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cancer.; depending on dosage. Large doses inbfhic 
breast, cancer tumor development and «ippr*« 
growth of tumors already present, but small doses 
seem to promote tumor development and stimulate 
growth. (36), This duality mends w phytoestro- 
gens. Phytoestrogens may stimulate or Inhibit 
tumor growth (b\14). One mechanism by which 
phytoestrogens may manifest their: antitumor ef- 
fects is blockade of estrogen receptors and unc »u- 
pling of receptor-mediated response. Thus the anil- 
ily or endogenous estrogens to support tumor 
growth would be reduced- Indirect demographic 
support for a phyfoesirogen-mcdieied reduction in 
cancers of hormone-responsive tissues might derive 
from the observation that women in countries con- 
suming, vegetarian diets have a lower incidence of 
breast cancer than in societies where a meat :nd 
vegetable diet is consumed (37). 

Phytoestrogens may have antiviral and fungkkJ* 
al properties (37), but a mechanism is not known. 
Support Cor the notion that this group of compounds 
could have such properties may He in noting that the 
antifungal drug, ketaconazote, is also a potent in- 
hibitor of some steroidal enzymes. 

Plant estrogens have been implicated in the re- 
duction of serum cholesterol levels in humans and 
animals with hypercholesterolemia. Such action is 
likely related to the role estrogens play in the me- 
tabolism and interaction of lipoproteins with regu- 
lation of cholesterol (8). 

A final beneficial phytoestrogens effect is al- 
leviation of vasomotor symptoms in menopausal 
women. Historically the Chinese have used heibai 
medicine to treat "hot Rushes." These herbal medi- 
cations work as well as Premarin (an equine conju- 
gated estrogen) in the mitigation of these symptoms 
in women with natural menopause (38). Similarly. ■ 
the mycoestrogen. zearalanol, has been reported to 
reduce the incidence of hot flushes in women "iih 
surgical menopause (4). These effects wouk be 
consistent with the expected estrogenic properties 
of these compounds. 

CONCLUSION 

Pnytoestrogens influence mammalian repro-. 
ductive processes and can thereby compromise i n * 
reproductive success of individual mammals *nd 
possibly function as a selective environmental r ac " 
tor for populations. While phytoestrogens have « 
few propitious effects, the majority of the effects 
ve nocuous. These compounds aet through itie" 
similarity to endogenous estrogens and cornf* 1 ' 
with the endogenous esirogens for binding * ,lcS " 
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Shun-tenn effects of phywosutigcns seem lu result 
from their mixed ajanisi-aniagonisi effects on 
ntrogen-mediaiei) processes irt mammal*. Since 
lon5-tenn exposures can produce persistent, even 
permanent anatomic, physiologic, or behavioral 
cbonBesk phytoestrogens nwwt afTect the differ- 
. eniialion of some reproductive tissues and irrcver- 
siily elier ihe integration of mammalian rcproduc- 
!jve processes in suscepiable species. 
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COMMENTARY 



The Role of Soy Products in Reducing Risk of 
Cancer 1 

Mark Messina*- Stephen Barnes 



Since the initial recognition that diet plays a role in the etiol- 
ogy of certain cancers, particularly cancers of the breast and 
colon, considerable progress has been made in identifying 
dietary patterns associated with cancer risk- There is general 
agreement that a high-fat, low-fiber diet, like that consumed by 
much Of the industrialized world, increases cancer risk and that 
plant-based diets, rich in whole grains, legumes, and fruits and 
vegetables, are protective. 1c has been, however, considerably 
more difficult to identify specific foods, types of food, or com- 
ponents of foods that influence cancer risk. 

The recent workshop on The Role of Soy Products in Cancer 
Prevention, sponsored by the National Cancer Institute, had two 
objectives: 1) 10 evaluate ihe role of soybeans, food products 
derived from soybeans, and specific components of soybeans in 
the dieury prevention of cancer and 2) to recommend research 
initiatives and approaches for further studies of the effect of soy 
intake on human cancer risk. The meeting was chaired by 
Stephen Barnes and organized by Mark Messina. 

Isoflavones in Cancer Prevention 

Kenneth. SetcheU, Donna Baud, and Barnes discussed the 
potential role of isoflavones in the prevention of cancer. Setchell 
reviewed- the history of phytoestrogens (J), noting that plants 
were fim observed to induce csrrus in animals in 1926. Over 
300 plants arc now known to possess estrogenic activity (2,5). 
In 1946, the infertility observed in Australian sheep that grazed 
on a certain type of subterranean clover was attributed to the 
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high isoflavone concent of Oils plant (fl, Ruminal bacteria In 
these animals convert plant isoflavones into the mammalian 
tsoflavone equol, which, following absorption, may suppress the 
pituitary gonadotropic axis. Equol, a weak estrogen possessing 
about 0,1% of the biological activity of estradiol, was first iden- 
tified in human urine in 1982 by Setchell ei al (5.6). Setchell's 
further interest In the potent estrogenic effects of soybean 
isoflavones was stimulated coincidentally. He discovered that 
the soy component of diets fed to captive cheetahs, which was 
added for economic reasons, was responsible for the tevere 
breeding problems in these animals (6" J). 

Setchell noted that isoflavone metabolism has been studied in 
humans, although only superficially. In one study, subjects fed 
40 g of soy daily were found to have urinary levels of equol as 
much as 1000-fold higher than baseline values {8S). The low 
levels of urinary equol in two of the six tubjects in this study in- 
dicate that the intestinal microflora (/0) participate in isoflavone 
metabolism and that isoflavones undergo enierohcpatic circula- 
tion (70). Improved analytical methods {UJZ) bave led to the 
realization that equol represents only a small fraction of the total 
amount of isoflavone in urine and (hat corrugates of the soy- 
bean isoflavones daldzein and genisteln axe the major forms 
present. The high levels of isoflavone in urine in aubjects fed 
stiy suggest that these compounds are likely to elicit a biological 
response (/i). 

Setchell concluded his presentation with a reminder (fl) that 
all weak estrogens can also have antiestrogenic activity; (6) thai 
tamoxifen, which has been used therapeutically for breast can- 
cer, is structurally related to some of the phytoestrogens; and (c) 
that vegetarians, who may have a lower risk of certain cancers, 
excrete higher levels of phytoestrogens. These findings have led 
to collaborative studies by Barnes, Setchell, and associates (74), 
who used an animal model designed to lest the hypothesis that 
phytoestrogens have a role in reduction of breast cancer risk. 
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,Ties began by observing (hat Oriental women, who have 
^incidence rates of breast cancer (15). consume larger 
lounts of soy products than do most American women, Hqw- 
:r. although fertility and reproduction in animals are adverse- 
iffected by ingestion, of plant isoflavones, the amount of 
jflavones in soy products consumed by Oriental women does 
*t appear'to affect their reproductive capacity. 
Barnes discussed the recent animal study conducted in col- 
Doration with Setchetl and other investigators (H). ^ ^at 
ady. consumption of soybeans significantly decreased chemi- 
Oly induced rodent mammary cancer. Rats were fed one of 
>ur soy products: powdered soybean chips consisting of un- 
armed soybeans, both raw and autoclaved;. soy protein isolate 
imposed- of 91% protein; soy molasses, a concentrate of the 
queous alcohol extract of soy flour, and. aqueous alcohols 
acted soy protein concentrate. All diets were isocalonc and 
;onitrogenous and produced similar weight gain among the 
nimal groups throughout the study. 

The first three products, all of which arc rich in isoflavones. 
nhibited mammary tumorigenesis induced by 7.12-dimethyl- 
' '-: .^anthracene or methylnitrosourea, while the aqueous al- 
mi-extracted soy protein concentrate, which had a low 
Jtenrof isoflavones. did not Whether the soybeans were raw 
,r cooked made no difference in the degree of inhibition ot 
nammary cancer: cooked soybeans were shown to be devoid of 
jrotease inhibitor activity. 

Barnes said the reduction in. levels of mammary tumor 
estrogen receptors induced by the powdered soybean chips 
paralleled the inhibition of tumorigenesis and supported the 
hypothesis that the isoflavones exerted an antiestrogenic effect. 
Interestingly, however, this was not the case for the soy protein 
isolate. The decrease in levels of mammary tumor estrogen 
receptors was smaller than predicted from the degree of tumor 
inhibition, he said, suggesting that the- antiestrogenic effect of 
isoflavones may not be the primary mechanism- responsible for 
inhibition of tumorigenesis. Therefore. Barnes concluded, the 
anticarcuiogcnic activity of isoflavones may not be limited to 
tumors containing a functional steroid receptor system. Alterna- 
^mechanisms of action may include inhibition of the activity 
: ' ' /rosine protein kinases (eg. epidermal growth factor receptor 
>sine kinase) (16). DNA topoisomerase D (17). and 
noosomal S6 kinase (/«. as well as induction of specific 
^lochrome P450s (/ 9). ... 

Baird,. before- describing her recent study • of the- effects- of 
I feeding soy to- postmenopausal women- (manuscript" in* prepara- 
I don), cited the. concern of the National Institute of Environmcn- 
I tal Health- Sciences about" the possible- effects of low-level 
i environmental estrogens on health: br her study; changes- in 
j endogenic activity in postmenopausal women consuming- soy 
' over a 4-wect period were examined. Soy was chosen for this 
srudy because of. its high estrogenic activity (20.27). its: increas- 
ing use in the United States. andLthe-variery of products derived 
from soy and because soy consumption would not adversely af- 
1 feet nutritional status (22). .Subjectsx:onsumed daily one main 
' soy dish (Vi cup of soybeans or 38 g of texturized vegetable 
\ protein) and two soy snacks— either soy chips (a roasted 
1 soybean product) or a spread for crackers made from the whole 
' soybean. The estimated isoflavonc content was about 200 



mg/day. the equivalent of about 0.3 mg/day of conjugated 
steroidal estrogen, assuming that the estrogenic activity of 
phytoestrogens is about 0.1% that of conjugated estrogen. 

Baird said preliminary findings indicate that, compared with 
control subjects, significantly more women fed soy exhibited an 
estrogenic response, as demonstrated by an increase in the num- 
ber of superficial cells of the vaginal epithelium. She remarked 
that postmenopausal women were chosen for this study because 
of the decision to examine the estrogenic rather than the an- 
tiestrogenic effects of plant phytoestrogens. In premenopausal 
women with relatively high estrogen levels, the antiestrogenic 
effects of soybeans may have been observed. 



Protease Inhibitors 

Ann Kennedy. David Brandon, and Irvin Liener focused their 
attention on the soybean protease inhibitors. Kennedy reviewed 
her work, as well as that of others, in the field of protease in- 
hibitors and cancer prevention. She noted that the soybean- 
derived Bowman-Birk protease inhibitor (BBI) either inhibits or 
prevents development of experimentally induced colon (23). 
oral (24). lung (25). liver (23). and esophageal cancers- (von 
Hofe E. :tfewbeme P. Kennedy A: unpublished observations). 
Protease inhibitors, at the levels used in these studies.- do not ad- 
versely affect animal growth. Kennedy noted that the anticar- 
cinogenic effect of the BBI is thought to stem from its ability to 
inhibit chymotrypsin activity (2d).<but results also suggest an 
important role for trypsin inhibition in suppression of the 
promotional stage of carcinogenesis (27), She said in vitro work 
indicates that protease inhibitors prevent conversion of normal 
ceils to the malignant state even at very late stages in car- 
cinogenesis but that they have no effect on cancerous cells (2fl. 
Protease inhibitors are unique in that they cause an irreversible 
suppressive .effect on the carcinogenic process. They have also, 
been shown' to suppress oncogene expression and to inhibit car- 
cinogen-induced protease activity (29). 

Kennedy said recent data suggest that, the antigrowth effects- 
of raw soybeans commonly attributed to protease inhibitors may 
actually be due to an unidentified factors) (30). Furthermore,, in. 
human populations consuming soybeans, the connection- be- 
tweerr pancreatic enlargement and protease inhibitors observed 
• in animals has not .been seen. In fact, incidence of pancreaac 
cancer is decreased in these groups (31). Kennedy noted that in.- 
vitro comparisons, of the pure BBI with an extract of soybeans 
containing BBr indicate that the activity of the soybean extractr. 
could be directly attributable to BBI (26).' However, she-said, at* 
in vivo study suggests that the extract may contain ^doiaonal- 
anticarcinogenic agent working, in conjunction with, the »m 
(26), The extract contains . approximately 50% protease, in- 
hibitor the: rcmammg content is unknown, but.it may tnclu^ 
isoflavones as well another potential anticarctnogens. Kennecy 
commented that, the lowest effective dietary levels, of protease, 
inhibitors used in these animal studies (0.1%) could beactueveC- 
by humans by modifying the diet to include soy products. 

Brandon discussed the measurement of protease inhibitors ire 
soybeans and soy products, noting the concern of the Agricul- 
tural Research Service of the United States Department. oL 
Agriculture (USDA) over the possible adverse effects or 
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protease inhibitor intake in humans, particularly in infants (J2). 
Enzyme-linked immunosorbent assays (ELISA), using mon- 
oclonal antibodies, have been developed for the measurement of 
two different protease inhibitors found in soybeans— BBI and 
Kunitz trypan inhibitor (KTI) (33 J4). These procedures are 
suitable for quantifying residual protease inhibitor levels in 
foods. A variety of processed soy products, s series of soybean 
flours derived from seeds in the USDA Soybean Germplasro 
Collection, and the soybean isoline Ul-4590 (lacking KTI) {35) 
have been analyzed. Brandon noted that an imponant observa- 
tion from the ELISA analysis of heat-treated soy flours derived 
from the isoline was that KTI, not BBI, is responsible for the 
heat-stable activity of commercial 5 oy flour that inhibits trypsin 
activity {36,37), The microenvironment of the soy flour appears 
to promote beat tnactivation of BBI to a greater extent than it af- 
fects KTI. This finding contrasts with the results of work show- 
ing that BBI is relatively heat stable io the pure form {38). 
Moisture, fat content, the presence of agenti that influence chan- 
ges in disulfide bonds, and interactions with other constituents, 
such as carbohydrates, appear to influence the denaruratioa of 
inhibitors (39). 

Brandon said analysis of infant formula has revealed that ac- 
tive KTT and BBI, when measured on the basis of weight per 
gram of protein, are reduced to about 0.1 % of their levels in raw 
soy {40). An infant on. a diet consisting exclusively of soy for- 
mula would consume about 10 mg of active KTI plus BBI per 
day. In toasted (autoclaved) soy flour, 209&-30& of the KTI ac- 
tivity remains, while all of the BBI is inactivated. Analysis of 
tofu (soybean curd) has revealed chat the protease inhibitor con- 
teat varied significantly among the samples, from 4 to 30 ug of 
BBI and from 5 to 16 fig of KTT per gram of product. The 
protease inhibitor content of several soy protein isolates also 
varied, as much as 20-fold. Not unexpectedly, there was also a 
wide variation in the protease inhibitor content among varieties 
of soybeans. Brandon suggested that food-processing strategies 
could be combined with genetic approaches to optimize the 
protease inhibitor content of soy products. 

Uener reviewed research on the potential adverse effects of 
joniaming protease inhibitors, first noting that most work has 
been done with (mall experimental animals {41). Consumption 
of raw soybeans has two major effects: growth inhibition and 
pancreatic enlargement Rets consuming raw soy Dour for ex- 
tended periods develop adenomatous nodules involving acinar 
cells of the pancreas {42). Additionally, raw wy flour consump- 
tion potentiates the effect of pancreatic carcinogens {43). In a 
study by Uener et aj (44), heat treatment of raw soybeans al- 
most completely eliminated this potentiation, while the addition 
of protease inhibitors to the heated product restored most of the 
pancreatic enlargement observed with raw soy, suggesting (hat 
protease inhibitors arc at least partly responsible for pancreatic 
enlargement 

Uener noted that the varied response to raw soy flour among 
species ii particularly important. Rati, mice, chickens, hamsters. 

young, growing guinea pigs all exhibit pincrcatic enlarge- 
ment in response to protease inhibitors, while dogs, pigs, calves, 
and monkeys do not (45). Growth inhibition induced by soybean 
products is thought to result from a deficiency of the lulfur-con- 
ta'ining amino acids caused by the dramatic increases In fecal 



levels of endogenous protease enzymes, panicularly trypsin and 
chymotrypsin, two enzymes that are rich in these amino acids 
(■*$). 

Commenting thai pancreatic enlargement apparently stems 
from elevated serum levels of the hormone cholecystokinin, 
Liener commented that pancreatic enzyme secretion is inversely 
related to the level of trypsin in the intestine, a process regulated 
by cholecystokinin. This hormone stimulates the pancreas to 
produce trypsinogen, but because the protease inhibitors com- 
bine with trypsin, the suppressive effect of trypsin on intestinal 
release of cholecystokinin is eliminated {47). 

Liener raised the question: Can the effects of protease in- 
hibitors in small animals be extrapolated to humans? A negative 
feedback system in humans has been observed (48). Directly 
supplying BBI or raw soy flour to the duodenum causes an in- 
crease in secretion of pancreatic enzymes {48) and in blood 
levels of cholecystokinin (49). (BBI, in contrast to KTI, survives 
in gastric juice.) Despite these observations, he said, it is not 
possible, at this time to accurately assess the health consequen- 
ces of consuming processed soy products. 

Phy tosterols and Saponins 

A. Venket Rao presented evidence for reduction of colon can- • 
cer risk by phytosterols and saponins. Both substances axe com- 
mon constituents of plants, but the concentration in soybeans ii 
particularly high. Phytosterols axe structurally similar to the 
animal sterol cholesterol. Jhcy inhibit cholesterol absorption 
and are almost quantitatively recoverable in fecal material, in- 
dicating that very little inteitinal absorption occurs (50). 
Soybeans are a major contributor of phytosterols to the diet, par- 
ticularly p-sltosterol (90 mg/100 g edible portion of the 
soybean) (51). Soybean oil is potentially an Imponant source of 
phylosterols. but upon refinement and hydrogenatlon, pnyio- 
sterol levels are reduced from 315 nig to 217 mg and 132 mg, 
respectively, per 100 g of oil (5/). Dietary phytosterol intake 
among populations differs dramatically; the typical western diet 
contains about 80 mg/day, while Japanese and vegetarian diets 
provide about 400 and 345 m*/day, respectively (52 J3). 

In addition to the phytosterols, whole soybeans contain sig- 
nificant amounts , of saponins, about 5% of dry weight (54), 
while tofu contains approximately half that much. Saponins are 
amphophilic compounds having surfactant properties and, like 
phytosterols, bind to cholesterol and bite acids. 

Rao said that while nutritional interest in both phytosterols 
and saponins has focused oo their cholesterol-lowering proper- 
ties, some data suggest that these compounds may be aoticar- 
cinogens. In rats, P-sicosterol-supplemented diets (0.2% by 
weight) inhibit chemically induced colon cancer C55), and 
phytosterols reduce, in a doscHlependent fashion, cholic acid-in- 
duced colon cell proliferation and mitotic activity (5d), Diets 
containing phytosterols at 1% by weight are well tolerated by 
experimental animals (57). Dietary saponins from soybeans and 
other tourcea have been shown to enhance immunity (58 J9), 
are cytotoxic io Sarcoma 37 cells (60). Inhibit DNA synthesis in 
tumor cells (6/), decrease the growth of human epidermoid car- 
cinoma cells (62) and human cervical carcinoma cells (63), and 
inhibit Epsteln-Barr virus genome expression (64). Saponin-sup- 
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plemented diets (1% by weight), as is the case for the 
phytosterols, normalize abnormal colonic cell proliferative ac- 
tivity induced by carcinogens (Rao AV : unpublished observa- 
tions). 



Inositol Hexaphosphate 

Emst Graf discussed the rationale for the hypothesis in which 
inositol- 1,2.3,4.5,6-hexaphosphare (IP 4 ), not fiber, is postulated 
to be responsible for the inverse correlation between the in- 
cidence of colon cancer and the consumption of fiber-rich foods 
(65). When the IP 4 content of cereals, fruits, and vegetables is 
considered, the international data suggest that there is a greater 
negative correlation between IP fl and colon cancer incidence 
than between fiber and colon cancer Incidence. IP, is found in a 
variety of plant foods, particularly cereals, but soybeans are an 
especially rich source, containing about 1.4% on ■ dry-weight 
basis (66). 

Graf noted that most nutritional interest thus far has focused 
on the inhibitory effect of IP, on mineral absorption. IP. forms 
tight chelates with a variety of polyvalent metals such as cal- 
cium, zine, and iron (6tf). ^However, he said, the ability to bind 
metal ions, particularly Iron, may provide the basil for the an* 
ticarcinogenic effects of this compound. Graf commented that 
iron may be a key factor, via the Kaber-Weiss reaction, in the 
production of hydroxyl radicals, which are postulated to play a 
role in the etiology of some cancers (67). IP, has been shown to 
limit the oxidant reactivity of transition metals (66), to inhibit 
hpid peroxidation (67), and to inhibit experimentally induced 
colon cancer (63-73). It has also been suggested that IP,, 
through absorption following dephosphorylation to IP,, could be 
an important second messenger Involved in the regulation of cell 
differentiation (73). 



Duke noted thai chemical variation is not limited to the 
isoflavones. In some instances as much as a fivefold varialir- 
was found among different phenolic acids in soybeans, many 0 
winch have also been investigated as potential anticarcinogens. 

Isoflavones in Plant Physiology 

Renee Kosslak described the role of isoflavones in def Chs , 
strategies utilized by plants. Plants produce a wide range of 
products or secondary metabolites thought to enhance their sur 
vival (76). The isoflavones daidiein and genisiein are the major 
inducers of the nodulation genes in Bradyrhizobium bacterid 
which form nodules on soybeans (77). 

The generic regulation of Isoflavone synthesis in plants is not 
well understood, in part because of the limited number of ap . 
propnate mutants affecting this pathway (78,79). In soybeans 
near-isogenlc lines that differ in their root fluorescence are 
bemg examined to determine whether they are active in genetic 
regulation of isoflavone synthesis (80). (These differences in 
root fluorescence in soybeans were first observed in 1934 ) 
There are five loci thai affect root fluorescence (80) and a! 
though specific substances responsible for this property have no: 
been identified, isoflavone* are thought to be involved Preliroi 
nary data indicate that the levels of daidzeln. genistein, , n d 
coumestrol, which is also a phytoestrogen, were either reduced 
or absent in root extracts from three of the nonfluorcsccni 
isolmes tested (KossiakR: unpublished observations). 

Kosslak suggested that if future research implicates Uc- 
flavones and/or phytoestrogens as important dietary factors in 
cancer prevention and If the demand for soybean specialty 
products materializes, it may be possible to manipulate levels of 
these compounds in soybeans, using root fluorescence as c 
marker. 



Phytochemical Variation 

James Duke discussed phytochemical variation in soybeans. 
Duke started by noting that there are over 10 000 named or 
numbered variexiu of the common soybean Glycine max Lin 
these varieties, as one might expect, lies tremendous chemical 
variation. The genus Glycine was originally applied to a distent 
relative, now known as Aptos amerfcana, which is an edible 
root with more protein than is found in potato (7*). 

The isoflavone content of soybeans varies tremendously ac- 
cordmg to the plant part, variety, year harvested, and geographic 
locaxion (75), Soybean hulls contain only relatively minor 
amounts of isoflavones, the majority of which occur in the 
Kypocotyl, although one common isoflavone, genistein, Is found 
pnraarily In the cotyledon (75). Equally significant are the 
reported differences in Isoflavone content according to the 
vanedes of soybeans and tbe year harvested. One study (75) 
reported B threefold variation in total Isoflavone content among 
four varieties of soybean,, while * 30% variation was noted jn a 

"muJT?? ovcr 1 ^ w P«i°d. Tne content of 

nd vidua! boftavones varied as much a, 50%. Not surprisingly, 
location influence, isoflavone content, even within fairly close 
geographical areas. 



Soybean Processing 

Bernie SzuhaJ briefly discussed soybean processing proce- 
dures (81*83). Solvent extraction is the primary method of 
producing soybean products today. Soybeans entering the plant 
are first cleaned, cracked, and dehulled. Then moisture is added 
so they can be "flaked," leaving a product that Js 3% hypocotyl. 
89* cotyledon, and 8% hulls. The oil Is removed from tk 
flakes by hextne, producing defatted flakes and soybean oil. 
From the defatted flakes come a variety of products with a 
protein content, on a dry-weigbt basis, that ranges from about 
SQfo for soy flour and grits to about 60%-70* for protein con- 
centrates and about 90% for protein isolates. The primary dif- 
ference between soy protein concentrates and isolates is the 
larger percentage of carbohydrate in the soy protein con- 
centrates. Many commercial doughnuts contain soy flour, and. 
in Europe end Asia, there is particular interest in the use of full- 
fat soy flours for baking, 

Sruhaj noted that most soybean production today goes init 
animal feed, while the soy protein concentrates and isolates are 
marketed primarily for their multifunctional properties, stich as 
emulsifying, gelling, fat-binding, te*turizing. and dough form- 
ing. Soy products pUy a major role In the food chain. They are 
added to a wide variety of foods, from cereals to chill. Some 
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meat products, such as ground beef, contain up to 25% soy. 
These products have been used in the Armed Forces' canteens 
since 1983 and in the federal school iunch program. 

Discussion 

This workshop had two objectives: /) to evaluate the relation- 
ship between the risk of certain cancers and consumption of 
soybeans, products derived from soybeans, and/or specific com- 
ponents of soybeans and 2) to recommend research initiatives 
aimed at clarifying this relationship. The consensus of the meet- 
ing was that there are sufficient daca to justify studying the im- 
pact of soybean intake on cancer risk in humans. 

There were three workshop recommendations. First, future 
dietary studies involving soybeans should be carried out using 
soy products rather than isolated compounds, since soybeans ap* 
pear to contain several potential anticajcinogtns. Additionally, 
because components of food interact, boch negatively and posi- 
tively, with each other, the potential benefit of soy products can- 
not be accurately predicted solely on die basis of the effects of 
individual soybean components. This does not, however, 
prohibit future use of isolated soybean components w chemo- 
preventive agents in clinical trials. Second, standardized and im- 
proved analytical methods are needed so that the contents of all 
soy-based materials employed in soybean research, whether 
soybean fractions or soy products, can be accurately described. 
This methodology will allow for valid comparisons among 
studies. Third, basic research on the absorption, metabolism, 
and physiology of potential anticarcinogens in humans should 
be conducted. This research will likely help to determine the 
clinical relevancy of these compounds and to provide a basis for 
'electing specific soy products for use in future dietary studies. 

References 

U) Sctcheu. KDRj Nutunlly occurring non-steroidal estrogens of dietary 

orisln. In Estrogens In the Environment (McLachlan JA, ed). New York: 

Ebevfcr, 1983, pp 69-85 
(2) Bradbury RB, White DC; Oestrogen* tod reined mbsu&oci Ln plmu. 

VujanHorm J2207-233, 1954 
V) Fakxswortu KR, Brwca AS. Cdrdell OA, pt aU Potential value of 

plants « nurses of new antifertiUty *&cttn. 0. % Phtfm Set 60 J 7-754. 

(*) BertKem HW, UKDeawooo EJ, Sum FL: A Specific breeding problem of 
Jh«p on nbttrranean clover pastures In western Australia. Aust Vei J 
22:2-12, 1946 

(J) AXaxow H Duuc DN. Fawlwt RD, et AU TV Identifies tk*i or the weak 

oMtrejcn e^oltf+ydrosj-S^Miye^fticw^ lo human 

urine.BlochemJ20ia5J-337.1982 
(fi) Sew KDR, Oosseuw SJ, Wblsh MB.ctau Dietary cswgtza^A 

Jrtbmble cause of infertility and liver dilute in captive cheetahs, 

0«ttoenie W lo K y93a25-233 ( I9ff7 
(7) Srrottu. KDR, Oosmuh SJ, Wbuh MB, it aia Dietary factors m the 

Jcvclopmcfll of liver disease end Infertility in the captive cheetah. 

Prwcritcd ct the International Symposium w Nutrition. KWrwtrition, ind 

I9B7 1 ^ D °'' *** ^ K<aow ' Mtrtl fcpMfc « r 0*W. S*P* 
{S) If^^y^^ Bowhsujo SP. HUU4C P. ct ajl: Nonsteroidal eitrocw of 

lP1 ^t?" ^ SK f^ BE, tt ku Soya - A dictmry source 
lO^^sjm °" UxJ * 6a In tnsn tod tnirruU. J Bndcwlool 



(//) Setcheu. KDR, Welsh MB. Lim CK: High-performance |i qt)i( j 
chromiiogr«phic analysis of phyiocjirogew In ioy proiein preparation! 
with ultraviolet, clccvochemicil and thcrmojpray mm specvomcoie 
detection. Amtlerdtm; Ehcvier, 1987 

(/2) Baabuch RJ, Qoutawt IE, Welsh MB, er au The use of rhertnosprty iin 
uld chroffiit ogr #phyAindcm man spectrometry for Ihc claci identification 
Wd structural verification of phytoestrogen* in ioy protein preparations 
Biomed Environ Mast Specirom lB:97J-977. 1989 

U)) Setckcll KDR, AplehcrEUtz H: Mammalian lijoaw and phyio- 
oeifrogtns — Recent srudies on the formation, metabolism, and biolocict! 
role in health and diseaic. In Role of the Gut Flora in Touchy and Once/ 
London: Awdemlc Prew, 1988, pp 3 15-345 

(/<) Ba**b 5. GRuaas C, ScTCHea KDR, ET *l: Soybeans inhibit mammi^ 
tumori in models of breast cancer, fa Mutagens and Carcinogen* in the 
DUt (Pariu M. tdj. NevP York: Wiley-U«. 1990, pp 239-253 

US) Nwas*Wa H: Nutrition and breast cancer. A iurvey of eaperimental and 
epidemiological evidence. IRCS J Med Sci 8:317-325. 1980 

U6) Akiyama T. Ishiox J ( Nakaoawa S. et al: Oenistein, a apecific Inhibitor 
of tyrotine-tp«cific protein kinasea. J Siol Chem 262 J592-5S9S 1987 

(77) Okura a, Axaxawa H, OKa H, et *L: Effccu of KcnUtcio on 
topolsomertjc activity and the growth of (val |2| Ha-roMrtnifornxd K1H 
3T3 cellt. Biochem Biopoys R« Coramun 157: 1 S3— I B9, 1 988 

(/&■] Ukajsier C, Pier M, U Pbcq J-B, CT AL! Mcchaniimi of action in MH 
3T3 cells of (eaisKin. an inhibitor of EOF receptor tyroiine kJnajc ac- 
tivity, Biochem Phanntca] 39:157-193. 1990 

</P) SAMAiuun FS, Kwz DA: Induction of cytochrome P450 in So-cptontyca 
$rlsnx by lay bean flour. Biochem Btophyt Res Comrmn 14l;4OS-4|0, 19S6* 

(20) Bldwdce AC: DttertninaOon of Uofhvone* In aoybetn fAoun, p'toiclo 
coneentmct, w»d uolitct. J A£rFood Chem 30:353-355, 1982 

(2/) Muww Pa; PttytoCitrojcn content of processed aoybcan producu Food 

Techno) 36^2-^4, 1982 
(22) Erdman JW Jr. Forj?YCe EJ: Soy produett and the human did. Am J Clin 

Nutr 49:725-737, 1989 

(21) ST CUR WH, BtUJMCS PO, Carew Ja, et At: Suppreuion of dimcihyl- 
hydmbiflTlAduced carchiogeneiii iti mice by dielaiy addition of the Bow- 
man-BErkpraicaseinhjbitor. Cancer Rea 50:580-586, 1990 

(2*) M£sjaw DV, BraiNGi P, SmKlar G, et At: Jahibiibn of oral cat- 
dnogeneiU by a prottue inhibitor. JKQ 7&44 7-452, 1986 

(75) WrrxcHi H, KertNEpY AR: Modulation of hinj tumor dc-tlopmtm in mice 
with the aoybean-dcrived Bowman-Btrfc protcaic inhibitor. Caicinogeneaii 
10:2275-2277, 1989 

(26) Yavu^w J, Couws M. Birk Y. CT al- Nanomolar concentrations of 
Bowman-Bttk aoybean protease Inhibitor suppress <-f«y-induced tranifor- 
rnatlon in vitro. Proc Nitl Acad Scl USA 82^395-3399. 1985 

(27) Kenxeoy AR, Lotl£ JB: Effccu of pnieaie inhibitors on radiation tram- 
formation ia vitro. Ganccr Res 41^103-2108, 19ft I 

(28) KekwCdV AR: The cmdUiont for the modlflcatlon of radiation transforma- 
tion in vitro by « tumor promoter and protease Inhibitors. Carctnogcxtci li 
6:1441-1445,1985 

(29) Kennedy AR. Buxinos PC: Anlicaicinogenlc actions of protease in- 
hibitors. In Antkarclnogcoesls and Radiation Protection (CoruUl PA, 
Wygaard OF, Simic MO, tis). New York: Plenum, 1987. pp 285-295 

(JO) Bduc Y: Protcisc lohlblton of plant origin and role of protease Inhibitor lo 
human nQtritioa. In Protease (nhibttort as Potential Cancer Chemoprevtn- 
tlve Agcnu (Troll W, Xennedy AR, cdi). New York: Plenum. In preu 

(J J) Mills ?K, Beeson WU Anntr DE, CT/^l: Dietary habits and past medical 
history ts related to fait! pancreas oncer risk amonf AdvtndJts. Cancer 
610578-2585, 198B 

(J2) Ouuihakm MR, SpaNoCES WL. Duo a* OM, ct aU Safety of trypsin In- 
hibitors in the diet: Effecta on the rat pancreas of tonfterm feeding of soy 
(lour and toy protein isolate. In Nutritional end Toxicologies] SUxtuTKance 
of Enzyme Inhibitors In Foodt (Friedman M, cd). New Yorfc Plenum, 
1986, pp 35-79 

(ii) Brandon DL, Batss AH, Fkeomaj* M: Enzyme-linked, immunotsiay of 
soybesa Kunltx trypsin inhibitor ttsins monoclonal antibodies. J Food Sci 
53:97-101,1985 

04) BftAKDON DL, Bates AH, Fnedma* M; Monoclonal antitody-omscd cn- 
ayme Immunoassay of Bowmtn-BlrX proteuc lohibltor of soybeans. 1 Ayr 
Food Chem 37:1 192-1 196, 1989 

(J5) Hymowttt T. Genetics and breeding of soybeans licking the Kunlu tryp- 
sin inhibitor. In Nutritional ttkd TosJcolof kal SlgnlTvoAOce of Encyme In- 
hibitors Infoodi (Friedman M.ed). New York: Plenum, 1 985, pp 391*29 B 

(id) KtWAH M, BajkNtcN DL, Bates AH. rr ax: Comparison of a coramcr- 
cfat soybean cultivar and an IsoUoc lacking the Kunbz trypsin inhlbUor 
Composition, nutritional value, and c 'recti of heating. JAp Food Chem. 
la prtss 

07) DtPiBTM CM, Uv*z* EE; Ileal miciWatJoa of the KunlU and Bowman- 
Blrk soybean protease inhibitors. J Ap Food Chert, In press 



V »M3. No. 8, April 17. 1991 



COMMENTARY 



(S8) Birk Y: The BowmtmBirfc Inhibiior. Trypan- and chymotrypsin-inhibito/ 
from soybeans. Ini J Pept Protein Res 25:1 13— 1 3 1. 1983 

(39) OjTfi RE, Brandon DL. Batw AH, et al: Effect of Miilli/d browning 
reactions of the Ktiniu joybean trypsin inhibitor on Hs interaction wiih 
monoclonal anilbodlci. J Agr Food Chcm 38:258-261. 1 WO 

(40) BfcAKOoK DU Bates AH, Fwcdm** M: Antigenicity of soybean proiea* 
inhibitor*, tn Proicuc Inhibitors « Potential Cancer Chcmoprevemivt 
Agents (Trotl W, Kennedy AR, eds). New York; Plenum. In press 

(41) Uehe* IE. Kakaoe ML: Protease inhibitors, tn Tonic Constituents of Plaw 
Foodstuffs (Licncr IE. ed), 2nd ed. New York: Academic Press, 1980. pp 
7-71 ' 

(42) McGuiness EE. MorgaH RO. Levison DA. tr al: The effects of lon|. 
lerm fcedin* of soys flour on the rat pancreas. Scand J Gastroenterol 
15:497-502,1980 

(4 J) Mokoan RCK. Lcvuoh DA. Hopwood D. Ct al; Potentiation of the ac- 
tion of auicrine on the rat pancreas by raw ioyi bean flour. Cancer LeU 
3:87-90, 1977 

{44) UeK2* IE, NrriAN Z. Swsakonam C. et au The US DA Trypsin Inhibiior 
Study. U. Ttme-relncd biochemical change* In the pancreas or rata. Qua! 
PUnt Foodi Hum Nutr 35:143-258. 1 985 

(45) Schneemak BO. Oaluheb D: Pancreatic response to dieUry trypsin in-- 
Diblton Variationi among spedes. Adv £ K p Med Bbt 199:185~187. 1986 

(46) NrrUN Z. LtEHES IE: Entymk activities in ihe pancreas, digciiive tract, 
and feces of rats fed raw or bcexed toy floor. S Nutr 106:300-305, 1976 

(47) Uddce RA, Oolofwe ID, Williams J A: Btoaxsay or pluma tholecyj- 
lokinln in rati: Effects of food, trypsin inhibitor, and akohol. 
Gastroenterology 87:542-549. 19B4 

(48) LTENEJt IE, Ooooale RI. Dohwukh A, bt al; Effect of a trypsin inhibitor 
from soybean* (Bowman-Blrk) on the secretory activity of the human 
pancreas. Gastroenterology 94:4 19-427, 1 988 

(47) Calam J, BojaASU JC, $t%v6e* CJ: Raw soya bean flour Increases 
chotecysiokinin release in man. Br J Nutr 58: 175-179, 19*7 

(SO) Ha»wood JU Russell N/: Lipids in Plant! and Microbes. London: 
George Allen and Unwln, 1984. p 23 

(57) Wbhrauch JL, GaaoNeb JM: Sterol content of foods of plant origin. J Am 
Diet Assoc 73:39-47,1978 

(52) Nair PP. TwUWan N. Kohle (X ET aU Diet, nutrition intake, and metabo- 
lism in populations at high and low risk for colon cancer Dietary 
cholesterol B-riiflrtcroJ, and stigmasterol. Am J CUn Nutr 40:927-930, 
1984 

(SS) HoiAi K. SWMA2U C, Taiszoe R, et A t: Cholesterol, pbytosterol and 
polyunsaturated fatiy acid levels in 1982 and t?57 Japanese dieu. J Nutr 
Sd Vibuninol (Tokyo) 32:363-372, 1986 

(5*) OAxexroa DG: Saponins in food — A review. Food Cherq 6:19-40, 1981 

(55) RaICKT RJ\ Coken BL Faiohi EP. et al: Protective effect or plant slerala 
agaJrai chemically induced colon tumors In rau. Cancer Res 40:403-405, 
1980 

(56) DcsatfCk EE, Coke* BL Rakwt RJF: The kinetics of the protective efTed 
of pVttmlerol against MNU-induced colonic neoplasia. J Cancer Res Clin 
Oncol 103:49-44, 1982 

(57) Oajscmmu. DO. Ft**** DE, Hood RL, st aU Effect of saponini on bUe 
acids and plisnu tipldsinthc til. Br J Kutr 42^09-^16, 1979 

(55) BoKfOftU Rj Studlei on (be eeOlular tttc of action or Ihe adjuvant activity 
of saponin Tor sheep e/yUvocytea. Ini An* Allerty AppI Immunol 67: 127- 
131.I9B2 

(59) MahaRaI I Hon KJ, Cawpbell JB: Immune responses of mice to true- 
tivated rabiei vaccine limanittend octlly: Fotenditlon by Quillaja 
upoftln. Can J Microbiol 32:4 14-420, 19B6 



(60) Huang H-P. Cke«c CF, Un WQ. et AnUtumor activity of mut 
siponinj rrom Dotichotfalacrui Klein. Acts Phsrmftcol Sinica .VJ86 I9r 

(6/) YiNtx Z: Effecu of ajtragylus.iaponin-1 on caMP and cOMP levdj " 
plasma and DNA tyniheiii in regentrtiing liver. Yao Hiueh HiueK 
19:619,1984 '"juenrw 

(62) Aswal BS. BuaWni AK. Kax K, et al: Screening Q f in dian u f 
biological activhy. Pan X. Indian J Exp Biol 22:3 12-332 1984 

(6J) Sati OP. PakT O. N oh ak> T, cr *t: Cytotoxic saponin from aspamau, 

and agave. Pbarmaiie 40:586, 1985 ( 
(64) Tokuda H: Inhibitory effecu of 12*^-ittfadecanoylphorboH 3- acetau and 

leleocidin-B-induced Epstein-Bin vlnji by saponin and us related com 

pounds. CancerUn 40:309^317. 1988 
(«) GRAr E, Eaton JW: Dietary tuppreuion of colonic «nc*f Fiber « 

phyute? Cancer 56:7 17-7 1 8, 1985 

(66) Craf E. Eatoh JW; Antioxidant functions or phytic acid. Pree Radic Biol 
Med B;6|-49, IP90 

(67) Graf E. Maikwet JR, Brtakt RG. et au Iron-caialyted hydronyt form,, 
tiwv J Biol Cham 259:3620-3624. 1984 

(63) Jawwaua RJ, SaBIN R, Lawioh S. rr aU Effects of dietary phytic acid 
(phyiale) on the incidence and growl h rate or tutnon promoted In Flic her 
rats by amigneshim supplement. Nutr Rev B:8l3-<827. 1988 

<6P) Smamsuown AM, Elsated AM, ULUH A: Suppression of large tntetilntl 
cancer in F3*4 nu by inositol hejuphoSphate, Cartlnoaenesis 9J77-5J0 
1988 

(70) Bate* A, UoaH A. Tomazjc VJ, bt *l* Inoiiiol-phosphate-lnduced en- 

hartcement of natural ktlkr eel] activity corrcUtee wtdl tumor suppression 

Carcinogenesis 10:1595-1598, 1989 
(?/) Skamsuoww AM. Uuah A: Inositol he*aphosphate Inhibits large intei- 

linil cancer in F344 rats 5 montha after induction by azo^ymethane. Car. 

cloogenesis 10:625-626. 1989 v 

(72) Shams uopo* AM. Uluk A. CHaK«uvartky AK: Inositol and Inositol 
heKaphosphate tuppresa cell pfoliferalloa and tumor formation In CD-I 
mice. CtsclnogeneiU 10: 146 1-1463. 1 989 

(73) Bateh A, SUaUsudon A: Inhibition of cell growth and induction of dif- 
rcrcntlation in K-562 human erythraleukemla cell lines by inositol 
bejtiptuupbate. Proc Am Assoc Cancer Res 30:182, 1989 

(74) Duxc JA: Handbook of Nuts. Boca Raton, FL: CRC Press. 1989. pp 1-343 

(75) ELOajnce AC, Kwdlck WF: Soybean ison«von«*: Effect of environment 
and -aricty of composltioTL J Agr Pood Chcm 3IJ94-396, 1983 

(76) WtLUAMs DH, Stone MJ. HaUck PR, et al; Why are secondary meiabg- 
lites (natural producu) bioiyntheslzed? 3 Nit Prod 52: 1 1 89-1208, (989 

(77) Kosxaic RM, Bookland R, Barioi J. et al; Induction c r Brady 
rtihobluni japonicunt common In nod genes by UoHaYones Uolaled frorr. 
dyeine *w. Proc NaU Acad Scl USA 84:7428-7432, 1987 

{78) Ddhoc PM: Iscfhvooolds. tn The Fla^onoldi: Advances tn Revttrch Since 

1980 (Harbome TB.cd). Lcandoa Chapman and KaU. 1988, pp 125-210 
(79) DtxoN RA. Baaxy J A, Box IN, cr aU Rapid changes In gene expreulon 

In nsponse w microbial etidtaitOD, PhlJoi Trans R Soc Load (Biol] 

B314:4l 1-425, 1986 
(SO) Sawaoa S, Paixer RO: Genetic analysu of oon-fluortacent root mulanb 

induced by maUtucsis in soybeani. Crop Scl 27:62-65. 1987 

(81) Smtth AK. Cuoe SJ: Soybeani: Cheminry and Technoloey, vol 1. 
Protcmi. Westpcrt, Conn; AVI 1972 

(82) Sot PfOTOK Cowcu: Soy Protein Producu — QuracterliUa, Nutrition- 
al Aspects and ttilliatlon. Washington, DC Soy PTotein Cooncll 1987 

(83) Campbell MF, KMtrf CW, Yacjux. WC, stt au Soy protein conccntrau 
In New Protein Foods: Seed Storage Proteins (AJtschut AM, Wllcke HL 
eds), vol S. chap 9. Orlando, Fla: Academic Press, 1981 



546 



. ioumal oi the National Cancer Instil" 1 



S3& PERSPECTIVES IN PRACTICE 



IULY 1991 VOLUME 91 NUMPEB 7 



D7 



g use oo s 



Mark Messina, PhD; 
Virginia Messina, PhD, &D 



Abstract The United States produces approximately 
half of the worlds soybeans Although most of what is 
produced is used as animal feed, soy-protein products 
Teg, soy-protein flour, concentrate* and isolates) are used 
extensively by the food industry primarily for their func- 
tional characteristics; such as emulsificatioa During the 
oast decade, however, there has been a marked increase 
irTthe use of both traditional soyfoods, such as tofu and 
soymilk, and second-generation sc^c^ products which 
generally simulate familiar American dishes. Recently, 
attention Was focused on the possible role of soybean 
consumption in reducing cancer risk. Soybeans contain, 
in relatively high concentration* several compounds witn 
demonstrated anticarcinogenic activity. Two of these com- 
pounds-protease inhibitors and phytic sod-have tra- 
ditionally been viewed as aminutriente. The scientific 
community has begun to appreciate the potential impor- 
tance of nonnuiritlve dietary compounds (phytocnemi- 
cals) in foods such as soybeans Dietitians need to become 
more aware of me phytochemical content of foods and 
the possible effect of phytochemicals on health and 
disease./ Am Diet Assoc. 1991; 91:836-840. 



The United States produced more than 510 billion of 
soybeans in 1 989, about half the world* total (1 ). Although 
most of the soybeans produced are used as animal feed 
(11 soy-protein products have been used extensively by 
{he food industry since 1957 {21 Furthermore, durine the 
past decade, there has been a marked increase fn both 
the consumption of traditional soyfoods-such as toru, 
soymilk miso, and tempeh-and in the development of 
second-generation soyfoods (3,4). Second-generation soy- 
foods generally simulate traditional meal and dairy prod- 
ucts, eg, soy hot dog* soy sausage, and soy cheese. 
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The Increase in seyfood consumption, which is ea- 
pacted to continue throughout thin decade, is attributed 
to a number of factory including economics, health, ethics, 
and the environment Recently, ths potential role of 
soybeans in cancer prevention has received attention (5* 
As soyfoetfls continue to become part of the American 
diet it is Important for nutritionists and dietitians to 
familiarize themselves with soyfoods and their possible 
impact on health and disease. 

According to tradition, soybeans were one of five sacred 
crops named by Chinese empaw Sheng-nung near y 
5,000 years ago (6)l The soybean has been widely 
consumed for hundreds of years throughout ^. Soy- 
beans were reportedly first brought » the United States 
in 1 804 as ballast aboaid a ship from China, but 
the 1890s was serious interest in soybeans expressed <7l 
World War I brought an increased interest in soybeans as 
a potential source of oil and of inexpensive, high-^uaJiry 
protein (7)t In 191 7, only 50,000 acres of soybeans were 
Ranted In the United State* but by 1931, this numbar 
had increased 70-fold (81 Throughout thia century, US, 
soybean production has steadily increased; ^y^ns arer 
now the second most Important cash crop in the United- 
States (9X 

§oyb&&8 cmd ?ft© US ftwtf &Jppfy 
Sov-praiein products 

Soy protein products are grouped into three general 
categories: soy flout soy-protein concentrate* and soy^i 
protein isolates (2* The market for soy^rotein products is. 
estimated at around $200 million per year (3,4). More , 
than 90% of the soybeans consumed by human beings inj 
the United States, excluding soybeans used to soy oil, is-jg 
in the form cf soy-protein products <3X These products are| 
made from defatted soybean flakes, range in pr°tem^ 
content from about 50% to 90% and are added to a yastf 
array cf foods, primarily for their functional characteristics,, 
such as emulsificafjon (2). The per capita intake of soy- 
proteln products in the United States has greased 
approximately 40% during the past 10 years, buUoybea^ 
consumption is still less than 5 g/day per person (n Thus^ 
the nutrient contribution of soy-protein products (or most 
individuals is negligible. 
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Two additional soy products used by the food industry 
are hydrolyzed vegetable protein and textured soy protein 
[2\ Hydrolyzed vegetable protein is used as a whipping 
and flavoring agent and in the manufacture of soy sauce. 
Textured soy protein is frequently used as a ground beef 
extender, most notably by schools and the military. Tex- 
tured soy protein is also used to produce meat analogues. 
The school lunch program uses an estimated 100 million 
lb textured soy protein annually OX 

gefa'/ soyfoods sates 

The US retail soyfood market has* undergone considerable 
growth in recent years. In 1989 sales were more than 
$600 million, a fourfold increase since 1980 (3,4), During 
the past decade, approximately 200 new soyfood products 
have entered the market annually (3,4). After soy sauce, 
tofu is the biggest seller among all soyfoods, followed by 
second-generation soyfoods, soymilk, miso, soynuts, and 
tempeh(3X 

Sales of soymilk and second-generation products are 
expected to increase substantially during the next 1 0 years 
(3X Soymilk consumption In particular Is on the rise; sales 
have increased 40% during each of the last 2 years (3i By 
the year 2000, sales of soymilk are projected to increase 
sixfold and sales of second-generation products are ex- 
pected to increase about fourfold (31 The increased 
consumption of soymilk has been attributed to improved 
taste, increased shelMife. through improved packaging 
and lower cost resulting from increased domestic produc- 
tion. 

The increasing number of second-generation soyfoods 
is particularly noteworthy. Since 1987, 552 new secondr 
generation products have been developed; more than half 
■ of these contained tofu as their primary soy ingredient (3]l 
Products range from main entrees— including frozen, 
shelktable, and refrigerated prepared foods^to meat 
alternatives such as tofu hot- dogs and tempeh burgers, 
cheese alternatives, yogurts, and nondairy frozen desserts. 
In 1 989, more than two thirds of all tofu and one third of 
all second-generation soyfoods were sold in supermarkets, 
a further indication that soyfoods are entering the main- 
stream OX Nevertheless, with the exception of soy sauce, 
most soyfoods are consumed by a relatively small per- 
centage of the population. For these individuals, soyfoods 
can be a major component of- the diet 

Nutrient contribution of soyfoods 
Whole soybeans are a good source of proteia fiber, 
calcium, Iron, zinc, phosphorus, magnesium, thiamin, 
riboflavirv niacin, and folacin (10). Processing the whole 
soybean to make soyfoods affects the nutrient content of 
the resulting product (Table U Foods made from the 
whole soybean, such as tempeh, natto, and miso, are 
good sources of fiber and calcium, whereas soymilk and 
products made from soymi Ik, such as tofu and soy cheeses, 
are not Calcium can be successfully added to soymilk 
(1 1 ); however, this has been done only sparingly, primarily, 
in malted soy drinks. Calcium content of tofu varies quite 
notably The val ues listed in Table 1 appear to be somewhat 
higher than one might surmise from a random, informal 
examination of commercially available products. 

Sources of vitamin B-12 in soyfoods are an important 
, consideration for certain individuals whose diet may be 



devoid of or. contain only limited amounts of animal 
products. Some reports (1 0>1 2, 1 3) indicate that fermented 
soyfoods, fe, miso and tempeh, contain vitamin B-12, 
either through design or by contamination, but other 
reports (14,1 51 suggest that most,, if not all, of the vitamin: 
B-1 2 in these, products is in the form of analogues^ ■• 

Soyfoods are relatively high, in fat, but still may be lower 
in total fat than the foods they frequently replace, such as 
meats and cheeses: Soyfoods are certainly lower in 
saturated fat and cholesterol; Tofu ranges from about 35% 
to 50% fat on a caloric basis (silken tofu, which includes, 
the whey, » generally lower In fat! whereas the fat content 
of soymilk varies depending on additional ingredients* 
used. In contrast to skim milk, soymilks that are lower in 
fat are generally not produced by removing fat, but by" 
adding carbohydrate, which: is used as a sweetening or 
flavoring agent Soybean oil is the only commonly con- 
sumed oil in this country that contains appreciable 
amounts of t*-3 fatty acids (a-llnofenic acidi Conse- 
quently, soyfoods are a convenient means of obtain mg u- 
3 fatty acids from plant sources* However, hydrogenation 
of soy oil notably reduces linblenic acid content (1 6). 

Soybeans amf cancer risk . [ 
In 1929, soybean consumption was offered as a possible 
explanation for the greater stamina of northern Chinese 
compared with their rice-eaung counterparts in the south 
(17)l Throughout this century soybeans have been . the, 
subject, of considerable investigation covering: a. wide; 
range of interests. Recently the potential rote of soybeans 
in cancer prevention has received attention. The cpntfV 
butiori of soybeans to. the diets of Oriental countries, such; 
as Japan and China,, has prompted some investigators to 
suggest that soybeans may contribute to the relatively low 
rates of breast and colon cancer in these countries. In 
lune 1990, the National Cancer Institute held a workshop 
to examine this relationship (ft . 

Several compounds wiu\ anticarcinogenic activity are- 
found in relatively Wgh concentrations in soybeans. 
Among those thus far identified are isoflavones, protease 
inhibitors, phytic acid/ saponins, phytosterols, and ph<* 
nolic acids. Ironically, two of these compounds, protease 
inhibitors and phytic acid, have traditionally been viewed 
as antlnutriena Phytic acid effectively binds a variety qt 
polyvalent metals, especially Iron, and is considered to. 
affect adversely the bioavailability of. iron in soyfoods (18V 
The ability to chelate iron, however, may be responsible 
for the antioxidant and anticarcinogenic properties of 
phytic acid (19,20). Among the hypothesized anticarcino- 
gens in soybeans, isoflavones and protease inhibitors are 
found irrthe highest concentrations relative to most other • 
commonly consumed foods; consequently in the discus-, 
slon to follow, only these compounds will he examined, 
along with epidemiologic studies of soybean consumption 
and breast and colorectal cancer risk. 

Experimental studies \ 
Isoflavones. Barnes et al (21) showed that diets con> 
posed of as little. as 5% (wt/wt> soybeans significantly 
inhibited chemically induced mammary cancer in rats. 
The study was particularly noteworthy because both raw 
and autoclaved. soybeans were protective. This was art. 
important observation because me protease inhibitors in. 
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lMz , . cor^c and selected nutrient extent ^ in ~on ^ *» ond <0 1 

fnKrticnfi (10) 



componem m/so* 



natio* 



oianr /oa*ed fo^J/fr joysauc* tempeh> f""' ^ 3' 



water (g» 57 
kcal 2&4 
protein (g) 16.3 
lipid (g) B.4 
carbohydrate (g) 3B.6 



3.4 
92 
3.8 
4.6 
0.13 
0.35 
1.19 
0_i 
453 



700 g 
41 
206 

11. e 

6.1 

2d 

2.5 

66 
2.7 
3-3 
0.1 
0.2S 
0.86 
0.22 

33 



48.4 
187 
15.6 
9.7 
12.6 
1.4 

191 
7.6 
2.7 
0.14 
0.17 
0.0 



100 g 
55 
212 
17.7 
11.0 
14.4 
1.6 
217 
B.6 
3.6 
0.16 
0.19 
0.0 



Vic lOtig 
50 B2 
*7 77 

2.0 3.2 

1.1 1.7 
7.7 125 
2.5 4.1 

49 80 
0.79 1.1 

0.01 0.02 
0.01 0.02 



1.7 
405 
30.3 
21.8 
26.9 
0.0 
119 
3.4 
2,7 
0.09 
0.13 
1.2 
U.I 6 
182 



tOOg 
2.0 
471 
35.2 
25.4 
33.6 
4.6 
138 
3.9 
3.1 
0.1 
0.15 
1,4 
0*21 
211 



Vic 
112 
39 
3.3 
2J 
2.2 
13.2 
5 

0.7 



lOOglup 
93 11.9 



33 
2.S 
1.9 
1.8 
1.1' 
4 

0.6 

0J7 0.23 0.08 

0,19 0.16 0.01 

0.08 0,7 0.27 

0.18 0.15 0.71 

0.05 0.4 0.36 

1.8 1.S 3.3 



11.0 
1.9 
0.02 
1.0 
0.0 
4 

0.43 



>00£ 
66 
60 
10.5 
0.1 
5.6 
0.0 
20 
2.38 
0.43 
0.06 
0.15 
3-95 
0.2 
1B.2 



45.6 
165 
15.7 
6.4 
14.1 
2.5 
77 
1.9 
\S 
0.11 
0.09 
3.8 
025 
43.2 



1000 
55 
199 
19.0 
7.7 
17.0 
3.0 
93 
2.3 
1.8 
0.12 
0-11 
4.6 
0.3 
52.0 



>£8< 
57 
118 
12.8 
7.1 
3.5 
0.12 



wag 

70 
143 
15.8 

QJ 
4J 
0.1 S 



166* 205* 
8.48 10.5 
1.27 
0.13 
0.08 
0.31 
0.08 
23.7 



1.57 
0.16 
0.9 
0JJB 
0.O9 
29J 



<A8 I 
98 
B3 
9.4 
5.6 
2.2 
0.09 
122" 1 
6.2 
0.93 
0.09 
0.60 
0.23 
0.06 
17.4 



crude fiber (gt 
calcium (mg) 
iron (me) 
2UK (mg) 
tfiiamiri (mg) 
riboflovin (mg) 
niacin (mg) 
vitamin B-6(mg) 

fobcin (vl^) 

The pulp lemakung afer *e H*miik I. filtered; It Hi hisMv V*^™- . 

^ themo.om.UpS » ^ Xnky-uawed eke abo* V. inch «Mct 

footed toyta*** alow or wiih other grains »re fermertrf wih I wtom a cohesive bond. 1 

S'^S^ rrra^ aftS^-irsi ^ ^ «~-*- 0 - , 

(hewn here varies notably from recently adopted industry standard* 
iB=blodc; one block refers totofu 1Vi by 17>* by l^fc in 
iNo value reported, _ 



soybeans, which are thought to be potent cl^mopreyen- 
tive agents, are destroyed by autocJavmg (22> The data of 
Barnes et al suggested that the isoflavones in soybeans 
were responsible for tumor inhibition. Soybeans are one 
of the few commonly consumed foods containing appre- 
ciable amounts of isoflavones (23). 

A considerable amount of isoflavone research has been 
conducted, although very little is cancer related. For many 
years, isoflavones have been known to cause reproductive 
problems in agricultural animals (24\ although similar 
effects have not been observed In populations consuming 

^Irtvitro data indicate that several isoflavones areweak 
estrogens, having perhaps as little as 1/100 of £e affinity 
for the estrogen receptor as estradiol-! 7B (25.26). In vivo, 
isoflavones may act as antiestrogens in the presence of 
high levels of endogenous estrogens (25). This may occur 
because the isoflavones bind to the estrogen receptor 
without eliciting a substantial estrogenic response and 
competively inhibit the more potent estrogenic agonists 
from binding. The hypothesized antiestrogenic effect of 
isoflavones may help to reduce breast and perhaps endo- 
metrial and ovarian cancer, as these cancers are thought 
to be estrogen dependent (27\ However, me effects or 
isoflavones may not be limited solely to hormone-related 

C Tn"v!tro, genistein, one of the isoflavones present in 
soybeans, inhibits tyrosina protein kinase* DNA topo- 



isomerase* and $6 kinases (28-31 ). The actjvltyof 
enzymes is enhanced In oncogene^ansloTmed ceJJ 
(28-3 U Consequently, isoflavonss may have a role to p^ 
in the prevention of a wide range of cancers. 

Human studies suggest that isoflavones may be phys 
ologically important. Serxhell et al (32) found that corJ 
sumption of tortured soy protein increased urinary Isofla 
vone levels as much as l,0Wfold, although there w« 
marked differences in isoflavone metabolism among 
subjects In this study Similarly, Adlercreutz et al ^ 
reported that urinary isoflavone levels were about 30 time 
higher in Japanese women consuming a traditional o\i 
than in Finnish women. 

Several studies have looked specifically at the esc 
senic/antiestrogenlc effects of soybeans In postrnenops 
sal women, soy intake appears to produce slight estrogenj 
effects (5,34); a recently completed .^y (A. a»i* 
S. A. Bingham, K. D. R. Seichell, unpublished data, 1 S3] 
however, found that in premenopausal women soy inge 
lion significantly lengthened the menstrual cycle. The 
studies suggest that isoflavones possess both amiestil 
genie and estrogenic activity and, in premenopaus 
women, soy consumption Influences hormonal patter 1 
in a manner potentially protective against breast cancc 

Protease Inhibitor* For almost 50 years, djeprote; 
inhibitors in soybeans have been known to affect prot 
utilization adversely (35X Ironically, protease inhibit 
were one of the first identified compounds to pr~* 
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promotion of experimentally induced breast and colon 
cancer {221 The primary protease inhibitors in soybeans 
are the Kunitz trypsin inhibitor and the Bowman-Birk 
trypsin and chymotrypsin inhibitor (BBI). Most; but not 
all protease inhibitor activity is destroyed, upon heating. 
Concern has been expressed over the potential harmful 
effects of consuming foods high in protease inhibitor 
content particularly in the case of soy-bascd infant 
formulas (36). Raw soybean consumption causes pancre- 
atic hypertrophy in rats 07\ However, the response of the 
pancreas to protease, inhibitors differs markedly among 
species (3B); in populations consuming. cooked soybean, 
products no adverse effects have been observed. 

Consumption of raw soybeans, which contain consid- 
erable protease inhibitor, markedly reduced experi- 
mentally induced breast cancer, although soy-fed rats 
weighed significantly less than the controls (391 Chymo- 
trypsin inhibition is thought to be responsible for the 
anticancer . activity of soybean protease inhibitors, al- 
though the inhibition of other proteases may also be 
important for inhibiting cancer (401 Soybean extracts 
containing BBI and/or pure. BBI have beeh shown to 
inhibit experimental colon (4U lung (42\ and oral cancer 
(43). Additionally, BBI inhibits, x-irradiatiprv-induced 
c-myc expression (44X decreases H a O, formation by 
activated human polymorphonuclear leukocytes (45% and 
the soybean trypsin Inhibitor suppressed trie promotional 
effects of 1 2-0-tetradecanoylphorfooM 3-acetate on trans- 
formation in C3H! OTT/2 cells (401 Participants at a recent 
workshop expressed considerable enthusiasm for the 
development of protease Inhibitors as chemopreventive 
agents {221 

Epidemiology Much of tne current thinking about 
diet-cancer hypotheses is based on studies comparing 
dietary intake among countries with the international 
variation in cancer incidence. These types of data are not 
available for soybean consumption and are probably not 
feasible to obtain. Most countries consume, only minor 
amounts of soy products and/or soyfoods; only a handful, 
such as Taiwan, Japan,. North and South Korea, Indonesia, 
and Hong Kong consume appreciable amounts (46). The 
epidemiologic data on soy and cancer consist primarily 
of case-control studies; case-control studies generally 
have been less supportive of diet-cancer associations. 

Breast cancer. Despite the experimental data on iso- 
fiavones, little epidemiologic evidence suggests that soy- 
beans lower breast cancer risk. Although, a recent case 
control study (47) is strongly supportive of a protective 
effect of soy Phillips (48) studied Seventh-day Ailventlsts 
in the United States and found rio difference in the 
consumption of vegetarian protein products between case 
and control subjects (48). However, vegetarian protein 
products were not exclusively, soy but included gluten- 
based products as well. No specific data on soy intake 
were recorded. Hirohata et al (49) found that soy was 
unrelated to breast cancer risk but, again, ^rams of fat 
derived from- soy products rather than soy intake were 
recorded. 

. A very large prospective study involving 29 health 
districts and almost 1 43,000 women in japan also found 
bean consumption to be unrelated to breast cancer 
mortality (501 No description of what constituted bean 
consumption was provided; however, from other dietary 



data it is apparent that bean consumption would primarily 
refer to soy products. In contrast, Nomura et al (51) found 
that soyfood consumption reduced breast cancer risk. 
However, findings were based on the dietary intake of 
husbands of subjects, Nomura and colleagues assumed 
that. the. dietary patterns of husbands and wives- were 
similar. Spouses of controls consumed about 60%. more 
miso soup iP<JQS) and about 30% more tof u <P<.16) 
than did spouses of cases. However, Hiriayma (S2>cautions 
that miso soup Is frequently eaten in conjunction with 
vegetables; a factor that could be at least partially respon- 
sible for any protective effects of miso. Finally Lee et al 
(47) in a case-control study of diet and breast cancer in 
Singapore found that soy protein in premenopausal 



It may not be appropriate to 
eva/uate soybeans on nutrient 
content alone; dietitians need 
to know about the. nbnriutritive 
dietary compounds calfed 
phytocherriicals, which may /?ave 
anticarcinogenic effects 



women was protective (P=*.02) and suggested that the 
phytoestrogens in soy may be responsible for this effect ., 
Colorectal cancer. Several 1 studies suggest that soy. 
consumption may lower colorectal cancer risk: Phillips 
(48) reported that colon cancer risk was reduced in 
irujividualsfrequently consuming vegetarian protein prod* 
ucts, although the effect was riot significant (relative 
odds =0.41 Similarly, VVatanabe; et al (53) found that 
frequent consumption of soybeans arid tofu markedly 
decreased both rectal and colorr cancer- risk (relative 
odds^0;14 for rectal cancer and Q.63 for colon cancer). 
Tuyns et al (54) also found that freqUeht consumption of 
soybeans: decreased both rectal and .colon cancer risk 
(P<.000U and Poole (55) found that frequent consump- 
tion of tofu decreased colon cancer risk by approximately 
one halt. . 

In contrast, Tajima and Tominaga (561 reported that 
consumption of miso soup significantly increased rectal 
cancer risk (relative risk, 2,0S; P<05) in Japanese sub- 
jects; al&ough tofu only mildly increased risk. However, 
tofu was not associated with colon cancer risk in this 
study (55) and consumption of miso soup reduced colon 
cancer risk by one hall* 

Conclusions . 

Overall, the. epidemiologic, data suggest that soy con T 
sumption may lower colorectal cancer risk; whereas there 
is only moderate support for. a role of soy in reducing; 
breast cancer; however; relatively, little work has been 
conducted In this area. Experimental work indicates that 
soy contains several potential anticarcinbgens and that 
both estrogenic and antiestrogenic responses have been 
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observed in human beings consuming soy Further inves- 
tigation of the relationship between soy and cancer is 
needed. 

Implications i^^— 
Assoyfoods continue to enter the American mainstream 
diet, their nutritional contributions will become increas- 
ingly important However, it may no longer be appropriate 
to evaluate many foods, such as soybeans, solely on the 
basis of their nutrient content. The scientific community 
has begun to appreciate the effect of nonnutrrtiye dietary 
components (phytochemicals) on health and disease, 
including diseases such as cancer. This places an addi- 
tional burden on the nutrition community to become 
more aware of the phytochemical content of foods. 
Notably reducing the incidence of diet-related I cancels 
will require major changes in the American diet. The 
extent to which soyfoods may help to achieve this goal 
remains to be seen. 
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Catheterization: your urethra in 
their hands 

R Carter, M Altchlson, G R Mufti, R Scott 

The emphasis in undergraduate medical education i* 
often on the Theoretical aapectft of medicine rather than 
the practical aspects. Practical procedure* ore com- 
monly taught bfcrmftUy, (he leaching being passed 
from one Junior to the nexx 1 The philosophy Is of "Seo 
onci do one, teach one" Ihrttoai eathetcdiauoo la a 
procedure that requires a certain amount of skill, 
knowledge, md experience and U not withour com* 
pli cation, 1- yet h Is usually delegated to th* most junior 
and mcxperienced cnedkal staff, the |tmior house 
officers.. 

Subjects, rnethoda, and results 
To fPfi the lore! cf competence at cathctedatioA 
junior medical ataff house officers at this 
hospital WW interviewed with a strocmred question- 
naire, covering three aspects of the procedure! the 
degree of undergraduate and postgraduate instruction, 
the practical and theoretical aspects ofra rhnTfri s nrin n, 
and, finally, problems and coniplicatians encountered* 

• Thirty junior house officers (graduates of five 
medical schools) were interviewed. Eighteen were 
male and 12 were female. The replicate tie Question- 
naire showed thntnone of the bicrvicwc6 had received 
any formalirisffueikfri regarding any aspect of urethral 
csiheteriaarion as an undergraduate. Practical pott- 
graduate instruction b 24 was limited to supervision of 
a single otheisrisarioDj and four subjeca were 
unsupervised. AJrhough those interviewed had per- 

' fhra^ imeanof28 (r^a6-I00)a4etcrisaticuuia 
4 male patients, only four of them had dthcicriseti 
female patients '. , 
Despite the Jarfie number of r^cedure* performed 

* there was appweiabfeign^ 

thcoiwicaj «SpcOS of cataetimmln. Twenty five 
' interviewees were ucawaie of the availability of short 
. torn and long term catheter* or of the duration for 



which they may be safely left without befog changed. 
Three interviewees simply wed (he caihctct that was 
provided by rhe nursing staff > and one did nor know 
thai different sizes eadnod. 

Twenty eight inierviewee* Initially wed force when 
meeting resistance to the passage of the muieicr, and 
13 stated thai the development of fresh urethral 
bleeding would not deter them from a farther attempt 
u cathetezJianon. Eighteen *ere happy to attempt 
cathcteriation in a patient wh& had □ known urethral 
stricture. Five Interviewees **ere unaware of the 
difference between 4 phimosis s. nd paraphimosis. 

Oespiie the lack of formal tuHion all had developed 
what seemed to be * satisfactory aseptic technique. 
None, however* waa aware of ihe nature of tho antj- 
geptk fluid or the strength of die load anaesthetic 
but simply used what was provWedby the nursing soft. 

Mlnrxeen of themuTOcweea liadencounterod bleed- 
ing and six had had patients in whom a paraphimnsis 
had developed afcer caiheierisarion. A particularly 
disturbing hndlng was that, although W Interviewee* 
had requested help from senuir medical staff, seven 
were reluctant to seek advice, because of their trapres* 
ikn that difficulties with culieiertaion were not 
worthy of diatorblng senior RtafL Eight of the 12 
fpm»k inedkal steff had encountered problem* with 
male patients becoming sexooUy doited during the 
procedure, 
i 

Discussion 

The results of oar surrey suggest thai the technique 
of urethral caibeteHaatioft la poorly tanght, and in the 
light of these results wc arc prei>armg a short teacVunft 
vSleo to be ?iown m every house ofrtcer at die itart of 
' their prcregi stnrtion pusi . 

| fcopii Calk** af topfra- Aa*6*ito" fi>» «'* ia f "™*f 

. 2 m^T&JS-^^ toy ^ 

4 fccSS WlKwt^^iimbk^ ***** *~ 



^Oesttdgenic effects of plant 
foods in postmenopausal. , 

Gisda WUccot, Mark L Wahlqvist> 
Henry G Burger, Gabriele Medley 

Crow grown as animal pasture are known to hayo 
ccstxcgoiic ecuviry*' and some mods contain jpoiential 
estrogenic analogues such a« the isefiavonoids 

(isoflavonca and coiimcstans). iignans, and resorcycllc 

acid lactones/ which may bo activated or inactivated. 
Wo studied the effect of three (bods reported to 
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induce vaginal oestrus; in bbwrtOcy animals' in post- 
menopausal women not taking oestrogen replacement 
therapy. 

Subjects, methods, and results 

We studied Z5 postmenopausal women who wo 
tum-smok&TV, in good general health, and taking no 
drugs known to affect oestrogen sure (mem ops 59 
(range S1-70)J body mass indei 24*4(range 18;7-31H5) 
kg/m*, yew* after menopause 8-1 (|tange 1-20)). The 
protocol w« a latin square desi $n with a two week run 
hi period and a iLx week experimental period. The 
wmr^ recorded their normal dietfof 14 days and were 
asked to repeat the toraughdy diet tbtoofihoul the 
study. 0«tiu8 tho experimenial period the dieL was 
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supplemented with soya flour (45 g daily), red dovef 
«prcW (10 g dry seed daily}, find linseed (25 g 
daily), each for two weeks hi turn. To check compliance 
the women returned residual food. Blood samples were 
taken weekly fend lateral wall vaginal smears taken 
fortnightly and at follow up two and eight week after 
supplementation finished. Analysis was on Intention to 
treat, but 23 women completed the study. 

We examined the dfPendgnt variable* vagM ce& 
roamrarioa and sertrm concentrations of I 



h onnonc and mUicle stimulating hormona.' — 
cumulative effeeo of 1 too three fboda at six week* were 
compared with baseline by the paired r ten, as were the 
residual effects, two and eight weeks after the lost food 
lupjalemeof. We found significant differences In 
vaginal cytology after six weeks' sapptementaiioo. 
(p<Q-0l > 93% confidence interval 60 to 17"€)> which 
persisted for two weekt after treatment Cp<0'02), bat 
cytology recurved to battUoe afar eight weela (tab It). 



Week 



vain 



bom*** 

{KM) 



sources of oesrrOgtnic actfrky. Ccnveriely, tamoxifen, 
tin anriocwrogen, eon owe oounjgcnjc effect* on 
vaginal cytology.* 

Patterns of food intake.rnny modulate the severity of 
the menopauJtc as h is an oeaubjen deficiency state. 
Up to half of ihc diet of some population* may 
comprise foods containing pbyio-ocwo^, whereas 
In Qut study such foods comprised only about M 
energy intake for a fairly ihcn time, Whether mono- 
puted aymproiu* differ to, such populations would bo 
worth investigation . 

Wl thank our ■tatisrksj aoV-ser, Suve >"orfl»h» from dtf 
department of social and prevent!** medic^e* MufuuJi 
Unrvc»ry. 

1 fcuod PA. Tfc« ilta? tfptart ratrow m arinsl rrOMkntoi. £akw» 

1 PriHtK fuM&GK NttmOy oaintns •auQH" « ntrt. 
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All women had concentntions of follicle uicnulanna ■ 

b^mwm qnd hrtgj nhlng hoirmcmit greater than those in 
rhe premeoopiusa] range of £8 1JJI\ and cV13 JU/1 
respectively. There wai a cumulative effect on eerum 
rnnrrmrad^i of follicle idmnhdng honinonc 
(p<f>05) but not on luteinlflng hormone orex the six 
week tuppiernenudon period. Individual two week 
(bod &uppkments hud no measurable eCEtcts on cither 



In icven woinexL'with rhe most pronounced chanro 
in vaginil ^stobgy we measurod aerom oestraolot 
concentradoria weekly. Baaclina conctntratloai were 
<70 pjnol/l In all but one woJ&an,. who was retained as 
the ixudy was (nscd on intention to treat.'fhere'woc 
no' oppreclable changes m body weight during the 
smdy, 

Conunent 

Wo ilrned to consider whether phyto-oesnogoDs 
■ were nf con$equenco in human niniidoo. Our atudy 
^ves somoiodlatkm-of rite recovery ome from nny 
possible effect oT oreauncnt and also provides farther 
BvUeace of caasality. Veginal mattiiation w a icnsirlvc 
md specific Indicator of ocstrogeniclty. Follicle 
• rcifflulodng hormone is less eonsldve to weak otaro- 
•geolc cornpounda such ai phyto4>estrOBcns, Weak 
oesrrogenie compounds may samerhne* act as axrti- 
oestrogciw, which 1nay affect their usefulness ns 
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Correction 
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Herbs used 

Internally 

Echinacea Golden seal Raspberry leaf Thyme 
Douche 

Equal parts Calendula and Comfrey or Calendula 
and Golden seal with 3 drops Sandalwood or Tea- 
tree oil. 

Tea- tree oil suppositories are now available. 
From the kitchen 

Dilute Apple cider vinegar douche 
Supplements 

Vitamin C and bioflavonoids 

Garlic capsules (6 per day in divided doses after 

food) 

Tissue salt 
Kali'Mur 

MENOPAUSE 



General 

Description 

The end of menstruation. 
Cause 

A normal occurrence, usually taking place between 
the age of 45-55 years, although occasionally 
earlier. When the ovaries stop producing ova (eggs) 
the menopause will be finished. Women who have 
partial hysterectomies in which their ovaries are 
not removed, will experience menospause when 
their ovaries stop producing. Many women go 
through the transition easily. 

The ovaries are responsible for producing most 
of the oestrogen and progesterone. These hormones 
can be produced in other glands, such as the 
adrenals, which explains why some. women do not 
experience the symptoms to the same extent. As 
our hormonal system works on a feedback system, 
if pharmaceutical therapy is used the glands will 
not be stimulated to function. 

Herbs used 

There are a number of herbs and foods which 
contain small amounts of plant oestrogeris and 
progesterone, or substances which function in a 
similar way. 



Oestrogenic plants 

Alfalfa - best used as sprouts 

Aniseed Fennel Liquorice - not the confectionery 

Parsley - best used fresh; a handful daily 

Red clover - best used as sprouts 

Sage - as a cold tea; see Hot Flushes, see below 

Soya beans - best used as sprouts. Difficult to 

sprout in cold weather 

Plants with progesterone precursors 

Fenugreek - sprouts are more effective 
Sarsaparilla Wild yam 

Include about one cup of sprouts per day in your 
diet. Professional herbalists use some other herbs 
which are also in these categories but they are 
rarely available to the general public. A Chinese 
herb called dong quai is commonly recommended 
for menopausal problems and is stocked by some 
health food stores. 

Other herbs are also useful and these will be 
shown with each of the symptoms. 

Hot Flushes 

Description 

A sudden, hot feeling, usually starting in the chest 
and going up to the face. Sometimes the skin gets 
quite red. This may be followed by heavy sweating, 
so a change of clothes or a warm jacket should be 
kept handy. 

Cause 

The flushing is said to be. the result of the effort of 
'-the controlling .centre, in :.the brain to stimulate 
female hormone production but as the ovaries are 
no longer effective, all that is achieved is an increase 
in circulation which manifests as heat. 

Herbs especially recommended 

Sage - use a cold infusion, as explained in Chapter 
4, page 140. 

Alfalfa and Red clover sprouts 

Liquorice (not the confectionery) Ginseng 

Supplements 
Vitamin E .. 

Tissue salts 
Kali Sulph 
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Depression and Lethargy 

It is commonly believed that women who lead 
useful, interesting lives do not apparently exhibit 
the same degree of symptoms. Boredom is a 
common cause of depression. Don't listen to people 
who tell you 'it's normal to be unwell at your age : 

Herbs especial!/ recommended 
Chilli - only if there is no flushing 
Ginseng Liquorice Oats 

All the oestrogenic and progestogenic herbs except 
hops. 

Other 

A number of community health centres run pro- 
grammes for menopausal women. 
Find some new interests - you probably have 
another thirty years to go! 

Tissue salt 
Nat Mur 

Nervous Agitation, Anxiety 

Herbs respecially recommended 
Hops Linden Motherwort 
(Refer also to Chapter 8) 

Other 

Avoid the use of tranquillisers and similar drugs; 
there are already over 8000 000 of these prescribed 
in Australia each year. 

Learn yoga or relaxation and practise tor IWU 
minutes daily. Don't drink tea, coffee, cola ( and 
reduce alcohol to I glass daily or none. 

Tissue salt 
Kali PKos 



Osteoporosis 

Description 

This is the most serious change associated with the 
menopause and the most common reason for the 
prescribing of Hormone Replacement Therapy. 
The density of the bones throughout the body 
starts to decline (commonly known as brittle bones) 
which is why elderly women often fracture easily' 
and have difficulty healing. 



Cause 

As the levels of oestrogen fall, there is a corres- 
ponding loss of calcium from the bones. In severe 
cases, a 70 year old woman may have lost 50 per 
cent of her total bone mass. Excessive coffee drink- 
ing interferes with calcium absorption. Anorexic 
women of any age suffer bone loss and a prolonged 
low calorie diet can have the same effect. Excess 
protein also causes calcium loss. 

This information relates to most of the so-called 
developed countries. In certain countries there is 
no known osteoporosis and in others there is more 
in males than females which indicates that the 
problem is not solely linked to female hormone 
changes. 

Herbs especially recommended 

All the herbs in the oestrogen list and Horsetail. 

Diet 

Calcium supplementation 

There are hundreds of published scientific research 
papers on calcium and its relationship to osteo- 
porosis. A number of researchers now recommend 
that the dietary intake of calcium for adult females 
should be between 1000-1500mg. Most practit- 
ioners agree that the majority of middle aged 
women would not eat this quantity in their normal 
diet, so there is a fairly clear indication that supple- 
mentation is beneficial. The form this supplement- 
ation- should take is debatable. There are many 
. tablet formulas which incorporate calcium, not all 
researchers agree on the most appropriate dosage 
and, most importantly, not all people absorb 
calcium to the same degree. There is also some 
conflict relating to the correct method of measuring 
bone density and what other nutrients should or 
should not be taken with calcium. 

Some studies indicate that female vegetarians 
who eat dairy products and eggs have less bone 
mineral loss. In certain areas of the world, where 
protein intake is extremely low, post-menopausaL 
osteoporosis is unknown; however, it would not 
be intelligent to become protein deficient in order 
to preserve your bones. Another report indicated 
that a significant percentage of osteoporonc females 
are intolerant to dairy products. 

Because there is so much scientific and individual 
variation, I suggest the following: 

All adult females up to 35 years of age 
One multi-vitamin supplement per day after break- 
fast. 
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Herbs used 

Evening primrose oil Motherwort 

Other herbs which may be helpful are indicated in 
Chapter 8. 

Diet 

Saffloweroil - 2 teaspoons per day if not taking the 
Evening primrose oil. 

Small frequent meals, increase protein intake if on 
a low protein diet. 

Supplements 

Spirulina - 2 tablets three times, a day between 
meals. 

PMT-D 

Description 

Depression, forgetfulness, crying, confusion, 
insomnia. 

Causes 

High progesterone, low oestrogen, high androgens. 
Occasionally lead toxicity. 

Herbs used 

Oestrogenic herbs 

Alfalfa Aniseed ..Fennel ...Liquorice Parsley 
Red clover Sage Soya beans 

The intake of these should be high just before the 
start of the PMT period up to menstruation. 

Other herbs helpful, in depression 
Ginseng Ginger Oats 

From the kitchen 
Rosemary 

Diet 

Supplements 

B complex with additional Bi and 33 Glutamine 

PMT-H 

Description 

Fluid retention, weight gain, sore breasts, abdominal 
bloating, fatigue. Possible allergies, high adrenal 
hormones. 

Herbs used 

All the oestrogenic herbs except liquorice 



Herbal diuretics such as 

Corn silk Dandelion Horsetail 



CAUTION 



Do not use Ginseng. 



. From the kitchen 
Celery juice Cucumber juice 

Diet 

Reduce salt, coffee, tea, smoking. 
Supplements 

B complex with additional B6 Vitamin E 
■Potassium Celery and juniper tablets 

PMT-P 

Description 

Generalised aches and pains. 
Causes 

Possible magnesium deficiency or calcium excess. 
Diei 

Supplements 
Magnesium 

PMT - iwth migraine type headache 

Description 

A throbbing, vascular headache affecting one side 
of the head, often accompanied by sensitivity to 
light and nausea; Usually, lasts all day. 

Cause 

■Believed to relate to low oestrogen, high pro- 
gesterone. 

Might also be an allergy or circulatory problem. 
Herbs used 

Oestrogenic Kerbs Feverfew 
Other 

Hot foot baths 
PMT - with acne 

Description 

Outbreak of pimples coinciding with the pre- 
menstrual time (commonly 5-12 days before 
periods). 



Herbal Help to Avoid 
Menopause 






The aim .of this article is to provide 
information on non-harmful 
ways of overcoming the problems 
of menopause 

The information given may also be 
applicable to women who already have 
osteoporosis or for younger women who 
have had their ovaries removed, however 
these two categories of women should 
seek professional guidance, 

SOME STATISTICS 

Twenty-five per cent of women in 
the 45-53 age range have no menopausal 
symptoms. Of the 75 per cent who have 
problems, the following is a.breakdovrn 
of the symptoms: 

Flushing and sweats 80ft 

Lethargy 1 70%- 

Nervous problems such as 
anxiety, depression, irritability 70% 
Reduced sexdrive 65 ft 

insomnia 609« 
Other symptoms include hair and 
• skin changes, poor memory and lack of 
concentration, headaches, dry vagina, 
pain during intercourse, loss of confi- 
dence, loss of femininity and urinary 
symptoms- Of course, not all of these arc 
necessarily linked to low oestrogen levels 
and could be . related ti> dietary and 
lifestyle factors and the/normal' aging 
process. After middle age, men also find 
they have lew enerfcy, a lower sex drive 
and generally sleep leu. 

Osteoporosis is the most serious 
problem associated with menopause 
because as much as 50 per cent of total 
bone mass may be last by the time a 
woman reaches 70 years of age, which 
means that bones can fracture easily and 
healing may be prolonged. This disease 
docs not affect all regions - it is rare in 
African Negroes and there are areas 
where it affects more men than women* 
In Australia, it ii estimated that about 25 
per cent of postmenopausal women 
have osteoporosis. I will deal with this 
in detail next issue. 

What happens when the 
ovaries stop functioning? 

The major factor is the lowered 
production of oestrogen. However, this 
hormone can be produced in other 
glands, such as the adrenals* but obvi- 
ously, in many women, this does not 
occur quickly enough or in sufficient 
quantities. Basically, the hormonal 
system works on a feedback system; 
when the circulating levels axe high, a 
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chemical 'messenger' instructs our en* 
docrine system not to produce soy more 
of that particular hormone Obviously, 
if we flood our system with a hormonal 
drug; the messages to our endocrine 
system-will be to stop production. This 
may explain why some women do. not 
menstruate for varying periods when 
they stop taking the PiU . 

Most menopausal-age women will 
need to give their bodies as much 
assistance as possible so that sufficient 
oestrogen is produced to offset flushing 
and other symptoms. In nearly every 
case, this apparently happens over a 
period of time as theobvious symptoms - 
gradually lessen and disappear. This 
added function of the adrenals may 
partly explain why some women have 
difficulty handling stress at menopause; 

The controversial topic of hor- 
monal replacement therapy will be 
discussed in detail later but in view of this 
feedback mechanism, H may sot be wise 
to completely dampen the corrective 
biological function which already exists. 

1 am not suggesting that we can 
avoid the inevitability of aging, but I 
can't accept that whatever power 'de- 
signed* us also programmed thxtwe were 
predestined to suffer a range of serious 
problems after middle age. Wc must be 
doing something wrong or there must 
be non-harmful methods of preventing 
the symptoms. 

OESTROGENS IN FOODS 
AND HERBS AND HOW TO 
USE THEM 

Since the. 1920s over SO different 
species of plant have been found to 
contain ootroscnic substances. Most of 
the published research papers relate to 
the efTecu on animals, particularly in 
respect of clovers and alfalfa (lucerne) 
causing infertility in farm animals. It so 
happens that a number of these plants 
have been used by herbalists over the 
centuries and this 'tested' use on humans 
has verified the hormonal effect. The 
tiny quantities of oestiogensitt plants arc 
extremely weak compared to pharma- 
ceutical hormones but many women 
alleviate symptoms through sensible 
dietary changes. 

Some of these oenrogen-ccmtalnlng 
plana are: 



• The sprouts are particularly recom- 
mended as they have the added advan- ■ 
tage of being very low in calories, readily 
available in shops or you can make your 
own, palatable in salads or sandwiches, 
mildly alkaline and rich in nutrients, 
especially calcium and potassium. 

Alfalfa sprouts arc somewhat con- 
troversial at the moment as the Gerson 
Institute in Mexico has reported that they 
suppress the immune system and aggra- 
vate, conditions such as rheumatoid 
arthritis and systemic lupus erythema- 
tosus (SLE). The origin of this report 
was that two women had seemingly 
reactivated SLE following the ingestion 
of 10 and 15 alfalfa tablets per day. A 
particular constituent, L-cinavaoinc, 
was extracted from alfalfa and when this 
isolated extract was given to susceptible 
animals, SLE was reactivated. 

My own view is thal^as SLE is a 
condition which has relative periods 
of aggravation and remission, it would 
be difficult to 'blame' one particular 
dietary hem. Over 25 pharmaceuticals 
exacerbate the disease, isolated extracts 
of plants are in the nature of drugs and 
one would therefore expect side-effects 
and, most importantly, if this type of 
criterion were applied to almost any 
edible food, there would be very little lea 
for us to eat. Hovvcveri h may be prudent 
for sufferers of SLE to avoid alfalfa, 
. all sprouted seeds and legumes, such as 
lentils, -because these also contain- the 
suspected irritant. 

Red Clover 

This is commonly-sold as a herbal 
tea but I suggest you buy the seeds and 
sprout them. Please do not pick the 
clover yourself because the medicinal 
species, called Trifolium p/u/e/ise, is 
difficult to distinguish from some non- 
edible clovers. Red clover is also used 
by professional herbalists for skin and 
respiratory conditions. 

Sage 

The common garden uge or red 
sage is used. It is better to grow yourown 
but sage can be difficult to cultivate, 
mainly because it prefers a light, well- 
drained soil. 

Sage has been used for centuries for 
excess sweating and heal, and scientific 
research has confirmed its oestrogen 
content. The best way to prepare it as a 
remedy for flushing is to soak two 



tablespoons, of finely chopped fresh 
leaves (or one tablespoon dried) in 
500 mL (cpid water with (he juice of a 
lemon. Leave it stand in a covered jar 
overnight: Strain and keep in the fridge. - 
In severe canes you would drink the ■ 
whole quantity throughout Ihc day; 
where ihe symploms are relatively minor, 
then the 500 mL could be spread over 

two or three dayi. To make it more 

palatable, you could mix it with a fruit 
or vegetable juice, or add in some 
auibed fennel orani$ccd. The high do*c 
may need to be used for up to four weeks, 
then it could be gradually reduced to a 
cup per day. 

The old sage you have had in your 
cupboard since two Christmases ago 
probably no longer retains any thera- 
peutic properties; good-quality dried 
sage will still have a reasonably good 
colour and its characteristic it rang 
odour. 

Parsley 

This common culinary herb has 
oestrogen-like activity and I would sug- 
gest abandful per day; it may not be wise 
to use larger quantities because of the 
myriuidn and apiol content. 

Aniseed 

Use the crushed seeds as a herbal tea 
Or in cooking, for example in home- 
made bread* The seeds could also be 
added to apple dder vinegar and used 
in salad dressings. Finely chopped fresh 
leaves can be added to salads, steamed 
vegetables. and soaps. Aniseed is also 
helpful for mmor digestive problems and 
coughs. 

Fennrer 

The seeds and finely chopped fresh 
leaves can be used in* a similar wzy to 
aniseed. There is one species of fennel 
(Florence) which develop* -a bulb-IUce 
base and this may be used tike celery 
) or lightly steamed. Some greengrocers 
call it aniseed root. Wild fennel is a 
common weed and, although the seeds 
and leaves could be used, this plant is 
often contaminated with environmental 
pollutants. 

Similar culinary herbs, such as diU 
and caraway, probably contain mild 
oestrogcn-Jtke substances. 

Hops 

Some health-food stores sell dried 
hops. It is somewhat bitter, which may 
also stimulate the digestive function, 
but the tea should be made quite weak 
otherwise it is not very palatable. An 
important feature of hops is that U has 
a sedative function and for this reason 
herbal extracts of hops are not used by 
professional herbalists where there is 
depression. Many people find that hops 
helps with insomnia - a. herbal pillow 
using dried hops can be quite beneficial. 



The hormonal content of hops hu 
been verified; females harvesting it have 
altered menstrual periods solely from ■ 
external contact. I am not sure whether 
or not' beer, after all the processing, ■ 
would retain any oesirogcnic properties. 

Soya Beans 

Sprouts, are the best way to have 
these* particularly, as the sprouting 
dramatically increases the oestrogen 
concent. However, they are quite difficult 
to sprout because they go mouldy and 
smelly if not washed and drained 
thoroughly and often. They arc amaz- 
ingly tasty but wait until you hive ■ 
learned to sprout-alfalfa and mung beans 
before trying tbero. 1 add soya bean 
Sprouts to salads or use them to thicken . 
soups and casserole*. 

Dried soyabeans need to be soaked t 
and cooked for a long time and they are ' * 
probably best used in soups and caa- ' 
seroles but there are many ways of 
preparing them, to make them more 
appetising. They are cheap, an excellent * 
protein when combined with o grain 
and have other benefits, each as bem& 
protccUveafiainst atherosderosis; 

If you don't normally eat dried 
beam then you must start with small 
quantities, soaked overnight and. very 
well cooked, otherwise you will probably 
have severe abdominal colic and- flatu- 
lence This is partly because certain 
enzymes have.to be activated to handle 
such foods and- your digestive system 
needs time to adjust. 

Soya beam are also a leguminous . 
plant so, theoretically, could have the 
same cautions as indicated under alfalfa, 
. Dri&dxcd beans and common green 
beans are also mildly oestrogenic so 
could be included in the diet on a regular 
basis. 

. There is some evidence that all 
-ymirtg sprouts, inducing sprouted granw 
and legumes, hove oestrageoJc proper- 
ties and, a* sprouts are cheap, pesticide 
and chemical free, rich in nutrients and 
low In calorics, I recommend that you 
learn how to do your own and have at 
least one cup per day if you area racno* 
pause^age female. You can buy small 
paperback books giving you basic in* 
st ructions for sprouting and use jars, so 
the starting equipment is not expensive. 

Some wrds of wanting: When 
using tends to sprout, nzvar use (hose 
that are intended for agricultural pur- 
poses because they vtould have been 
treated with fungicides or other chemi- 
cals which are potentially dangerous. 

Feangrcek 

Contains precursors or prages- ' 
teronc, another female hormone com* 
raonly deficient in menopausal women. 
Unfortunately, the eurry-likc smell is : - 
reaeuly excreted through the skin but 
thU U not so noticeable If the seeds arc 
sprouted. 



There are other herbal and naturo- 
pathic remedies for menopausal prob- 
lems but these ore not nonrilly available 
at retail outlets so you would need to viiit 
a .practitioner to obtain these. As with 
most health problems, there are mild 
symptoms which require no treatment 
or simple home remedies; then there 
arc other instances where- professional 
naturopathic advice is helpful and 
appropriate; and, finally, there arc severe 
cases which require medical diagnosis 
and treatment. 

OTHER SUGCESTHONS 

Potassium sulphate, used in the 
form of tissue salu, may be helpful for 
flushing. Use the dosage on the label, but 
take double the dose for the first week. 

Vitamin £ has also alleviated some 
cases of flushing; -furthermore, a study 
on rats showed that a vitamin £ defi- 
ciency leads to lower bone weight. As this - 
vitamin has benefits to the cardiovas- 
cular system, a svpplcmcntof 500 ifipcr * 
day would do no harm and may give 
marked benefits. 

. Qgaretteamolcinetendito bring on 
carjy menopause and is not recommen- 
ded for this and other well-publicised 
rcasoxu. 

Low-caloric diets ore not recom- 
mended for a number of reasons which 
are given later, but one important factor 
is that fat cells are able to convert hor- 
mones from the. adrenal glands into 
oestrogen- Although modern content 
including myself, don't want or need to 
he obese, ft may be that 'nature' intended 
us to carry more weight as we age. 

Readers may be interested in a few 
snippets from some of the research 
material which 1 have collected: 

Journal of fvod protection, Vol.42, 
July 1979, states that 'human exposure 
to dietary oestrogens is bcloar physio- 
logical levels ... but the pouibdBty of 
metabolic alteration* to more or less 
.active forms should not be Ignored sioce 
effects of this kind have been demon - 
-.'strated in experimental animals.' 

Oestrogenie Constituents af Forage 
Plants, E.M. Bickoff, Review Scries 
1/1968, published by the Common- 
wealth Bureau of Pastures and Field 
Crops, Hurley, Berkshire, reports that 
'the claoncal infertility syndrome in ewes 
is associated with the cumulative effects 
of exposure to oestrogenie feeding for 
six months or longer, but short-term 
exposure has also caused reproductive 
disturbances.' 

The effect of ©estrogenic plant 
substances is judged by changes in the 
anatomy of animals, for example in- 
creased u terine and ovarian wdght , teat 
length and thicker vaginal skin, 

A. panieularty imeresting piece of 
research has shown that genistetn, a 
weak planioestrogen, is able to displace 
oestradiol from receptor* in the tissues 
which could explain why some herbal 

Amrra/fem t&ttinHij NatfTjf 75 
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remedies arc traditionally fof 
'balancing' hormones. 

..Both the liver and the kidneys have 
» capacity for converting and deactivat- 
ing different types of oeitrogcos; there 
arc also, other regulatory mechanisms, 
such a* the prostaglandins. 

HORMONE 

REPLACEMENT THERAPY 

Although mainstream medical 
opinion supports hormone replacement 
therapy, it is somewhat controversial. 
Few disagree with the fact thai it prevent* 
the worsening of osteoporosis in post- 
menopausal females but the main cu> 
advantages in the potential nde-ef fects. 
The current scientific thinking it that 
if both oestrogen and progestogen are 
taken together there is less risk of cancer. 
1 »xn using Depo-Provcra and Prarwrin 
as example! because a lady I ww recently 
had been prescribed these foi meno- 
pausal flushing and she had written to 
the two manufacturers for information. 
The manufaaurer of Pirnurin sent back 
22 pages of reports and a book, all giving 
glowing testimonials and other infor- 
mation but only a few fragments about 
risks. The manufacturer of Depo- 
Provera sent a copy of the official 
package insert, with all the contrain- 
dications and slde<f fects, along with a 
letter which stated that 'as adjunct to 
cyclic oestrogen therapy (Including 
Premarin) Depo-Provcra is not recom- 
mended but it is stffl definitely used by 
medical practitioners'. 

Depo-Provtra 

The contraindications and warn- 
ings for this drug include thrombo- 
embolic disorders (clotting), cerebral 
apoplexy (stroke), impaired liver func- 
tion, undiagnosed vaginal bleeding and 
cerebrovascular (heart and circulatory) 
disorders. *ln cases of partial or com- 
plete loss of vision, sudden onset of 
proptosis (displacement of an organ), 
double vision, migraine associated with 
retinal vascular lesions, medication 
should be withdrawn.* The drug caused 
malignant breast nodules in animals. 
Other problems include fluid retention, 
breakthrough bleeding and depression. 
It is not approved for contraception 
because of unresolved questions relating 
to its safety for this purpose. ainicalVy, 
it is said that the drug is well tolerated 
although animal studies show (hat ic 
possesses adrenocorticoid activity and 
female masculinisation. 



Premarin 

This drug is 'probably eff ecu ve for 
oestrogen deficiency-induced osteo- 
porosis only when used in conjunction 
with other important measures such as 
diet, calcium, physic-therapy and eood 
general health-promoting measures. 
The comraindications and cautions 
include impaired Uver function, breast 
cancer (with some exceptions), thrombo- 
. embolic disorders, undiagnosed abnor- 
mal genital bleeding arid pregnancy. It 
should not be given to women with re- 
current chronic mastitis sod abnormal 
mammograms. It should only.be pre- 
scribed following a complete breast and 
pelvis cxaraination. Because the body 
produces variable amounts of oestrogen, 
relative overdosage may occur which 
could lead to uterine bleeding, painful, 
swollen breasts and fluid retention. Drug 
oestrogen: need to be used with care 
in case* of epilepsy, migraine, asthma, 
heart or kidney disease. Side-effects 
include nausea, abdominal cramps and 
bloating, breast* tenderness, changes 
in body weight, luergic rash and gall- 
bladder complications. 

When the two are r^escribed to- 
gether, there is often a monthly bleed, 
U you are one of those pcople.who 
believe that *it would not be allowed by 
the government if there were rules 
involved', 1 suggest you read the info - 
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nation for yourself in Mims Annual 
which is available at most libraries. 

A- report in the New England 
Journal of Medicine, 19 June 19B6, 
states that 'oral administration of oes> 
trogens is inefficient, produces a non- 
physiologic pattern of. breakdown 
products and increases undesirable levels 
of certain liver proteins'; The article 
examines the ase of transdermal oestro- 
gen therapy (skin patcheslhWhich would 
provide levels equivalent to those pro- 
duced Daturally However,- according to 
Modern Medicine in Australia, August 
1986, transdermal oestrogen does not 
prevent osteoporosis. 

Mainstream medical reports recom- 
mend oestrogen, used in conjunction 
with progesterone, as being the most, 
effective therapy for preventing frac- 
tures,, and a number of international 
experts suggest that all women should be 
cooriderod probable victims ind that 
honnbne replacement therapy should 
befcin soon after menopause in women, 
unless there arc specific contraindi- 
cations. The reasons for this arc that 
at this stage there are no practical 
methods of dearly preselecting those 
. at risk and tests show that U is the only 
therapy that clearly prevents further 
bone deterioration. 
* The critics point out that although 
adding progesterone to the therapy prob- 
ably reduces the risk of endometrial 
canca, there is insufficient data about 
thelMg-termwfetyorbencfits-itaTily 
treats the symptoms and U unlikely to 
help the body re-establish its own sate 
of internal harmony. 

A pamphlet issued by. the NSW 
Department of Health states that you 
should 'think carefully about whether 
or not you want hormone replacement 
' therapy'. Some of my patients have 
understood from their medical con- 
sultations that hormone replacement 
therapy prevents cancer and cardio- 
vascular disease; which is not true. 
Patients who are under this impression 
*hould discuss this matter with their 
. practitioners. 

The fact that a substance can pre- 
vent further bone breakdown does not 
necessarily mean that lack of it caused 
the problem, just as Valium helps you 
sleep mil lack of it did not cause your 
Insomnia. 

In any event, mat experts agree that 
there are clearly individuals who should 
not undertake hormonal replacement 
therapy and such people can use the non- 
harmful suggestions in this article. 

No one enjoys beitm wrinkled and 
cranky but it is generally conceded that 
hormonal replacement therapy is not 
appropriate Tor cosmetic and emotional 
purposes. 0- 
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COMMONWEALTH OF AUSTRALIA 

.IN THE ; MATTER OF Australian Patent 
- Application Serial No. 683838 in the name of 

NOVOGEN RESEARCH. PTY LTD 

-and- 

IN THE MATTER OF Opposition thereto by 
MEDIHERB PTY LTD (A.C.N. 006 454 717) 

STATUTORY DECLARATION 

I, Nancy BECKHAM of 1 River Road, Oatley, New South Wales, 2223, Australia,. do 
solemnly and sincerely declare as follows:- 

1, I am a practicing natural therapist and have been treating patients 

since the early 1980's. As a natural therapies student in 1978 I became interested 
in phyto-oestrogens. Phyto-oestrdgens are plant hormones which have been found 
to exert oestrogenic or anti-oestrogenic effects on animals and humans. My interest 
in this area was initiated by reports in the scientific literature that sheep when 
grazing on clover became infertile. This infertility was attributed to the presence of 
isoflavonic phyto-oestrogens which were known to be present in the clover, I 
reasoned at that time that if the large quantities that animals consumed gave an 
undesirable side effect because of the isoflavonic phyto-oestrogens, then the 
smaller quantities that humans could reasonably consume would give beneficial 
effects, especially in women with low oestrogen levels. The preponderance of 
accumulated scientific data, much of which was published before 1992, which 
describes the effect of a diet high in phyto-oestrogens on humans, has confirmed my 
initial suppositions. In 1980 I began testing the effect of phyto-oestrogens on 
menopausal females arid the benefits of this treatment were clearly verified on many 
patients. By 1985, it was clear from my clinical experience and research that phyto- 
oestrogens were valuable therapeutically. Between then and 1992, I began using 
phyto-oestrogenic plants in my clinic, not only for menopausal symptoms but also for 
various conditions relating to imbalances of female hormones (endometriosis, 
fibrocystic breast disease and the iike), lowering cholesterol, treating prostate 
problems and as an adjunct therapy for cancer and osteoporosis. The phyto- 
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oestrogenic plants and herbs which 1 have been prescribing include alfalfa, soya 
beans, red clover, liquorice and beans. 

2. I have conducted a number of seminars, on phyto-oestrogens ■ and 
published eight articles on phyto-oestrogens in 'both professional journals and 
popular magazines. In 1985, I presented a paper to the National Herbalists' 
Association of Australia in which I described the use of phyto-oestrogenic plants and 
herbs as being helpful for treating menopausal symptoms and some categories of 
premenstrual syndrome. A summary of this seminar is exhibited, hereto and marked 
"NB-T. In 1988, I published an article entitled "Herbal Help to Avoid Menopause 
Symptoms" in the Journal of Australian Wellbeing. A copy of this article is attached 
hereto and marked "NB-2\ In this article | djescribed the use of oestrogen 
containing plants including red clover and . soy beans for the treatment of 
menopausal symptoms. In 1988, I also published a book, entitled "The Family 
Guide to Natural Therapies" Greenhouse Publications, Richmond. In this book I 
described the use of phyto-oestrogenic plants in the treatment of menopausal 
symptoms and some types of premenstrual syndrome. An extract from this book is 
exhibited hereto and marked "NB-3". In 1995, I published a lengthy .article for 
professional herbalists entitled "Phyto-oestrogens and Compounds that Affect 
Oestrogen Metabolism - Parts I and N", in the Australian Journal of Medical 
Herbalism. This is a review article which cites some 91 scientific papers, many of 
which were published before 1992. A copy of this document is exhibited hereto and 
marked M NB-4\ ' 

3. I have read the specification and claims of Australian Patent 
Application Serial No. 40525/93 (the "Application") and am satisfied that the 

. specification does not disclose any feature or features, either alone or in any 
combination, which advances the art of natural therapies or isoflavonic phyto- 
oestrogens and their use in the treatment of human conditions as that art was 
already developed prior to the priority date of the Application, namely 19 May 1992. 
It follows that none of the claims of the Application is to subject matter which was 
new or inventive at that date. 
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4. Prior to discussing the specification and claims of the Application, I 

shall consider what was known to me and in my opinion to those of ordinary skill in 
the art of herbal medicines and pharmaceuticals in Australia before 19 May 1992. 

4.1 Phyto-oestrogens are plant ^hormones that are chemically . 
different from the oestrogens. produced in the. human body. A 
particular class of phyto-oestrogens are the isofiavones. or 
isoflavonic phyto-oestrogens. - .These compounds were first 
identified and extracted from plants as long ago as the 1920's 
and 30's. In Australia in the 1940's there was a well publicised 
and documented outbreak of infertility of sheep grazing on 
subterranean clover. This observation generated much 
interest and research in the field of phyto-oestrogens. By way 
of example I refer to a review article entitled "Potential value of 
Plants as Sources of New Antifertility Agents ll n which was 
published in the Journal of Pharmaceutical Sciences in 1 979. 
A copy of an extract of this document , is exhibited hereto and 
marked "NB-5\ This document details some of the then known 
research on oestrogenic plants and their active principles. I 
note that this article refers to the isoflavonic phyto-oestrogens 
genistein, daidzen, biochanin A and fonmononetin and their 
identification and isolation from clover. I note that these 
compounds are the same as those described in the claims of 
the Application. I also refer to another article by Verdeal and 
Ryan entitled "Naturally-Occurring Estrogens in Plant 
Foodstuffs - A Review", Journal of Food Protection, Vol 42, 
No. 71577-583 (1979), a copy of which is attached hereto and 
marked "NB-6". This is also a review article which describes 
the existence of oestrogenic substances in plants. The 
presence of genistein. and formpnonetin in clover is discussed. 
Reference is also made to the relative affinity of these phyto- 



oestrogen? for mammalian oestrogen receptors. (See Table 
3). 

Prior to 1980 and up to the present time, scientists throughout 
the world carried out pioneering work on phytoestrogens 
such as measuring and comparing levels of various phyto- 
oestrogens in the urine of people with different dietary habits. 
It was observed, in many papers published before 19 May 
1992, that the. urinary excretion of isoflavonoids correlated with 
soybean-product intake. The low mortality in breast and 
prostate cancer in Japanese women and men, respectively, 
may be due to the high intake of soybean products. This is 
also a common explanation for the low incidence of hot flushes 
in Japanese women. In order to illustrate the volume of 
publications in this field published before 1992, I refer to a 
Selected Bibliography of Scientific Studies on genistein and 
other Soya Isoflavones which was published in 1996 in a book 
entitled "Soya For Health, The Definitive Medical Guide*. This 
Bibliography is exhibited hereto and marked *NB-7\ Although 
this , bibliography was published in 1996, many of the cited 
articles were published before 19 May 1992. The results of this 
research was well known to me and in my opinion also know to 
those of ordinary skill in the field before 1.9, May 1992. 

Some selected Examples of the publications which were 
published before 19 May 1992 are as follows: 

(a) An article by H. Adlercreutz entitled "Western diet and 
Western diseases: some hormonal and biochemical 
mechanisms and association", Scandinavian Journal of 
Clinical and Laboratory Investigation, 50 SuppI 201, 2023, 
(1990) a copy of which is exhibited hereto and marked 
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"NB-8". This document is a review article which describes 
studies carried out over the previous ten years. At page 
15, Adlercreutz concludes "It is concluded that very 
similar associations between diet, SHBG, lignans and 
isflavones, as found for breast cancer seem to exist also 
with regard to coronary heart disease. " 

(b) A communication by Adlercreutz and Hamalainen the 
. Lancet, Vol 339, May 16, 1992. A copy of the document is 
exhibited hereto and marked u NB-9\ This article 
describes the results of comparing the urinary secretion of 
isoflavonic phyto-oestrogens in Japanese, American and 
Finnish women. The excretion of isoflavonic phyto- 
oestrogens including genistein, daidzen and equol was 
found to be associated with the intake of soy products 
such as tofu, soybeans and miso. It was suggested that 
isofiavanoids in high amounts could have biological 
effects, especially in menopausal women with low 
oestrogen levels. 

(c) An article by Messina and Barnes entitled The Role of 
Soy Products in Reducing Risk of >Cancer" in the Journal 
of the National Cancer Institute, Vol 83, April 17, 1991., a 
copy of which is exhibited hereto and marked *NB-10\ 
This document is a report of a workshop in 1990 in the 
USA in relation to the effect of soy on cancer. This 

, document cites, many earlier .publications which describe, 
amongst other things, the treatment of postmenopausal 
women by increasing their soy intake to the equivalent of 
200mg/day of isoflavones (see page 542, 1 st column, last 
paragraph). * This document also cites an animal model 
designed to study the role of phyto-oestrogens in the 



reduction of breast cancer risk. It was observed that soy 
products including an aqueous alcohol extract of soy flour 
rich in isoflavones inhibited mammary tumorigenesis (see 
. paragraphs 1 to 4 of page 542). • 

(d) An article entitled "Oestrogenic effebts of plant foods in 
postmenopausal women", Wilcox et al, British Medical 
Journal, Vol 301, 905-6 (1990). A copy of this document 
is exhibited hereto and marked "NB-11\ This 
communication describes the results of a. study conducted 
in Melbourne, Australia on the' effect, of soya flour, red 
clover or linseed or postmenopausal women. The subject 
matter of the above document, ie. that the presence of 
phyto-oestrogens in the diet could be beneficial to human 
health was well known to me and in my opinion well 
known to those of ordinary skill in the art in Australia 
before 19 May 1992. 

Red clover has been used as a herbal remedy since at least 
the 19 th century and its traditional uses include cancer, skin 
and nerve problems. Red clover. as a herb or tea has been 
prescribed by myself and others .skilled , in the art in Australia 
well before 19 May 1992. < it was also well known to myself and 
others skilled in the art in Australia before 19 May 1992 that 
red clover was a source of isoflavonic phyto-oestrogens. 

It was well known to me and . in my .opinion, also well known to 
others skilled in the art in Australia that natural products, and in 
particular those used in herbal medicine, 'may be extracted 
from their plant sources by using alcohol and water in varying 
concentrations. The techniques for making such extracts into 
liquid, powder or tablet remedies have been known and applied 



for decades. To my knowledge, plant extracts were used as 
far back as 1898. In 1922, an authoritative text listed 32 ways 
of preparing plant remedies*- - A copy of an extract from 
Culbreth, A Manual of Materia Medica and Pharmacology, 
Ecletic Medical Publications, Oregon (1922) is exhibited hereto 
and marked "NB-12". I refer -to paragraphs 6, 9 and 26 which 
refer to alcoholic solutions and extracts. Single, isolated 
compounds from plants have been the source of 
pharmaceutical drugs for many years and they still play a major 
role in the pharmaceutical industry. For at least .20 years, 
guaranteed potency natural remedies or phyto- 
pharmaceuticals have been available that is, natural plant 
remedies that contain a specified quantity of a specific 
component or components. An example of such a guaranteed 
potency natural remedy is an Australian brand of Ginkgo biloba 
tablets, which has been labelled as containing 9.6% fiavone 
glycosides. 

4.6 It was well -known to me and in my opinion well known to others 
skilled in the art in Australia before 19 May 1992 that isolated 
plant components give a more pronounced therapeutic effect 
for specific purposes compared to the whole . plant. 

5. | now refer to the specification of the Application. Pages 1 to 8 of the 

specification discuss the state of the art on or before 1.9 May 1992. In my opinion 
this description is an accurate representation as to the state of the art in Australia at 
that time. The Application /acknowledges that the isoflavonic phytoestrogens or 
isoflavones, genistein, daidzein, biochanin A and formononetin are known 
compounds which may be found in a variety of plants including soy and clover. 
Page 3 of the specification summarizes the known biological effects of phyto- 
oestrogens. Reference is also made at page 4 to the fact that moderate levels of 
phyto-oestrogens may "have a beneficial effect on human health". Reference is also 



made to the difference in phyto-oestrogen intake uva Japanese and Western diet. 
The Applicant acknowledges a number of times throughout the specification that 
increasing the phyto-oestrogen intake in the diet may influence human health. See 
for example at page 6 lines 20-21 "Of those dietary components with a potential to 
influence the aetiology of oestrogen related disease), there is a growing, awareness 
that phyto-oestrogens may have important potential" ' and at line 22 "the beneficial 
effects of phytooesfrogens on human health are though to derive from at least two 
principle functions...". At page 16 lines 17 -18:. Isoflavones are potent anti- 
oestrogens that could be expected to help or prevent. or to successfully treat breast 
cancer. Still further at page 16 lines 25-26: "Phytoestrogens are thought to 
protect from development of breast cancer*, at page 17 lines 6^7: ; B .77)e/B is evidence 
that foodstuffs high in phyto-oestrogens are a suitable alternative to synthetic 
hormones in this respect, producing alleviation in adverse clinical symptoms". At 
1 page 7 second paragraph the Applicant states 7n summary, it could be reasonably 
deduced (emphasis added) that the inclusion of greater levels of foodstuffs high in 
phytoestrogens in the standard diets of men and women in developed countries 
could be expected to redress a general imbalance of endogenous reproductive 
hormone metabolism, thereby reducing the r predisposition of. these community's to 
the above diseases". 

6. | now refer to the specification at page 9, first paragraph which states 

that the present invention concerns obtaining an extract of clover or soy. It would 
appear to me. that the Applicant is claiming .to have, discovered, obtaining active 
agents from plants in a more concentrated form. However, the isolation of active 
products from plants was well known to me and in my opinion well known to those of 
ordinary skill in the art in Australia. before 19. May 1992. I therefore cannot see as to 
where. any invention may lie. I note the specification refers to a strategy of making 
phyto-oestrogens available in a purified form instead of requiring patients to 
dramatically change their diets to include large amounts of soy products. The herb 
red clover, in the dried form, may be described as a more concentrated form of 
phyto-oestrogens than found in foodstuffs such as tofu. As I have mentioned above, 
red clover has been prescribed by myself and others skilled in the art before 19 May 



1992 in order to increase the phyto-oestrogen intake of patients. In summary, I can 
only reiterate that I cannot see anything new or inventive in providing known active 
agents in a more concentrated form. 

7 | now refer to page 6, third paragraph of the specification which makes 

reference to - the fact that the invention also concerns a method of treatment or 
prevention of a number of hormone related diseases. Again I cannot see where any 
invention lies. The Applicant appearsto be attempting to claim the discovery of the 
use of phyto-oestrogens for. treating, hormone related diseases. However, the use of 
phyto-oestrogens to treat at least some of these diseases has been practiced by 
myself and others in the field Australia since before 19 May 1992, . Also, I refer to the 
comments I have madeabove to the effect that the beneficial effect of. a diet high in 
phyto-oestrogens was well known to myself and in my opinion well known to others 
skilled in the art before 19 May 1992. Further, I note that the Applicant himself says 
that it could "reasonably be deduced" that increasing phyto-oestrogens in the human 
diet could reduce the predisposition of communities to The above diseases". Thus, 
by the Applicants own admission this aspect of the invention is no more than a 
•reasonable deduction". Accordingly I cannot see where any invention can lie. 

8, I now refer to. page 14, paragraph 2 of the specification which states 

that "dosages" of up to or greater than 1,000 mg may be suitable to treat some 
conditions" and that "the .treatment with .the isoflavones should continue for a 
considerable period, ideally for at leasts; month and. ideally. continuously for the 
whole period for which the health improvement advantages should accrue". In my 
opinion the effects of 1,000 mg dosage is not established and is significantly above 
the dosages in the Examples. 

On page 8 (lines 23-24), the Application states "...a method for the 
treatment or prevention of cancer of the prostate, cancer of the boweL.and (lines 
29-31) it is stated that "Ideally, the extract is administered regularly on a daily basis 
over a sufficient period such as at least a month: The health conditions which may 
be prevented or ameliorated include cancer,..". On page 8a (lines &*) it is further 
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stated that "The product also is useful in avoiding or ameliorating cancer in persons. 
The symptoms produced by these conditions and the generai well-being is also 
improved (emphasis added) by the use of these extracts". I note that there is no 
clinical evidence in the Application for this assertion. 

In my opinion, to suggest that a month's treatment might treat, 
ameliorate or prevent cancer is absurd and highlights the Applicant's lack of clinical 
experience in treating humans and a failure to appreciate the relationship between 
the epidemiological data and the known biological activity. In my .clinical experience, 
even simple hormonal imbalances, .such as menopausakflusbing; may require at 
least three months' treatment, and often longer. Further, to .suggest that dosages of 
up to 1,000 mg daily of isoflavones may be useful is. in my opinion speculative and 
such quantities may well turn out to be harmful. 

9. l-now refer to page' 15, second paragraph of the specification which 

says that an important feature of the invention is the ability to provide an accurately 
determined quality and quantity of active isoflavones when compared with the 
•almost impossible task ofeating huge amounts. of practically:inedible foods". Again 
the Applicant appears to be claiming the discovery of providing active agents in a 
form which contains, a specified quantity of a specific component . or components. 
There is nothing new in providing a known active agent in a more concentrated form 
where eating large amounts of a source food may be undesirable,. this respect I 
refer, to the well known garlic and vitamin tablets. For-example ^Australians have 
been taking Vitamin C in a purified tablet form since well before 19 May 1992. 
Providing Vitamin C in tablet form allows the consumption of large amounts of 
• Vitamin C which would be difficult to obtain by eating a source food. Further, 
providing active agents in a fixed quality and quantity is :nothing more than, the 
-guaranteed potency" which I have already made reference to. Providing specified 
amounts, of active agents has been used widely in the pharmaceutical and health 
food industries in Australia for many years prior to 19 May 1992. The advantage of 
using guaranteed potency products is that these contain a precise level of one or a 
small, group of phytochemicals. Theoretically, foods should confer more general 
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advantages and guaranteed potency products more specific advantages. However, 
based on epidemiological evidence and 15 years' clinical experience with many 
hundreds of patients, I have observed no major therapeutic difference in using 
plants or products although tablets or powders may be more convenient for some 
patients. An advantage of using whole foods is that these contain nutrients and 
other valuable phytochemicals. Although the level pf: phytoestrogens in foods is 
somewhat variable, we know that people can eat . moderate amounts without 
untoward adverse, reactions and the evidence to date is that these foods confer 
health advantages. 

10. I now refer to the Examples of the Application..- Example 1 describes . 

harvesting and drying red clover. This describes nothing more than the preparation 
of red clover herb and tea. Such herbs and teas were available to me and to the . 
Australian public before. 19 May 1992. The . next step in the example, is solvent 
extraction although I note that . the specification states that the extraction step. "can 
be omitted if desired". I understand this to mean that solvent extraction is 
unnecessary. Thus in my view, this Example describes nothing more then the 
preparation of traditional red clover herbs which has been used around the world for 
centuries. In relation to the extraction step, this step is nothing more than standard 
. extraction procedures, and in this respect I refer to the comments I.have made above 
that solvent extraction of active agents from plants is standard practice and was well 
known to me and in my opinion others of ordinary skill" in :the:aTt:ih: Australia before 
19 May 1 992. ' 

Example 2 describes separating the hypocotyl from, soy beans and 
grinding the hypocotyls to obtain a powder. This powder was administered to 
patients in Example 4. 

I am not certain about the precise part of the soybean that is being 
referred to. The germ of a seed is the common word for the embryo. The hypocotyl 
is defined in botanical texts and biology dictionaries as "a part (my emphasis) of the 
stem of the embryo or young seedling which is below the cotyledonary node". 
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I presume the Application refers to the total embryo (or germ) rather 
than a portion of it or the sprout. Irrespective of the." precision of the terminology, it 
was established long before May 1992 that the embryo of a seed is the reproductive 
tissue and naturally contains a high proportion of specific plant hormones. In the 
early stages of growth (a sprout or seedling) the phyto-oestrogen content increases 
dramatically and this, too, was well-established before May 1992. Furthermore, 
there is nothing inventive in separating and using the germ of seeds. For example, 
wheat germ has been sold in health food stores for. at least twenty years. There is 
nothing surprising, new or inventive in respect of Exampie 2. 



Example 5 refers to administering the "inventive composition" which 
may be "soya or clover". Thus it is unclear to me as to whether in Example 5 
hypocotyl powder or clover is administered. It appears to me that the Applicant is 
. suggesting that soy hypocotyls and red clover may be :used interchangeably. In 
relation to the hypocotyl powder I note that at page 12, third last line the ratio of 
genistein to daidzein in soy hypocotyl is given as 95% daidzein and 5% genistein. 
Therefore I assume that the powder obtained in Example. 2 has this ratio. However, 
at page 10 lines 10 -11 the specification states that "it is prudent that both the 
isoflavones be present in the claimed product in approximately equal proportions". I 
find this statement to be inconsistent with/the use of the hypocotyl powder in which 
the ratio of genistein to daidzein is far from. equal. i:3isa.notevthat.the soy hypocotyl 
powder is administered to patients for the treatment of premenstrual syndrome and 
menopause. As I have mentioned above, I have been treating patients in my clinic 
since well before 19 May 1992 for these same conditions. I typically prescribe 
sprouts such as soy, alfalfa and red clover, soy milk, soy products and various 
phyto-oestrogenic foods and herbs. It is relatively easy to get a therapeutic level of 
phyto-oestrogens in the diet given that 1 cup soy sprouts contain about 200 mg 
isoflavonic phyto-oestrogens, 1 glass soy milk contains 40 mg and so on. 
Furthermore, I note that the Application (Table, page 3) states that a typical 
Japanese diet contains between 50 - 300 mg a day. The only difference is in the 
fact that the powder may be in a more acceptable form for consumption. However, I 
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cannot see how merely using a different form of a plant, i.e. the hypocotyl verses the 
sprout can in any way be described as inventive. 

<\ 1 # | now refer to the claims of the specification. Claim 1 reads as follows: 

"An isoflavone containing extract of clover or soya prepared by 
water/organic solvent extraction of said .clover or soya followed by 
recovery of concentrated isoflavones therefrom, which said extract 
, comprises any two or more of the concentrated isoflavones: genistein, 
,?? daidzein, biochanin A, formononetin and/or theingiycosides". 

This claim simply describes an extract of soy or clover obtained by well 
known extraction methods. In relation to the extraction step I refer again to page 18, 
lines 1-2 of the specification which says that the extraction step can be omitted if 
desired ; As I have/previously ; stated I understand - this to mean that the extraction 
step is optional and that clover may just as well be used in the dried herbal form. I 
also refer to Example 2 in which the soy hypocotyl is simply ground. There is no 
solvent extraction step. ■ I also refer to Examples 3 and 4 in which red clover, extract 
and soy hypocdtyls are administered to patients respectively and their cholesterol 
levels are measured. I note , that cholesterol levels are reduced in comparable 
amounts for both the red clover extract and soy hypocotyl. I also note that in 
Example 5 patients are administered with the jriventivexompositjon!' which may be 
either red clover extract or soy hypocotyt This.supports.my^understanding that the 
solvent extraction" step makes no significant difference to the efficacy of the 
composition: As solvent extraction is simply an option and apparently has no 
advantages over, administering the raw product I do not understand the reason for 
including this feature in the claim. I . -therefore can . see no difference between the 
product defined in this claim and known soy foods such as soy milk, tofu and soya 
beans. These foods contain genistein and daidzein and to my knowledge were 
commercially available in Australia well before 19 May 1992. In any case, I reiterate 
the comments I have made above to the effect that solvent extraction using an 
aqueous alcohol solvent is standard procedure in extracting natural products. Still 
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further, isoflavonic phyto-oestrogens have been extracted from plants products since 
before 19 May 1992. In this respect I make reference to the following publications: 

(i) Farmakalidis E and Murphy P., Journal of Agricultural Food. 
Chemistry, Vol 33, 385-389 (1 985). 

A copy of this article is exhibited hereto and marked "NB-13\ 
This document describes extracting defatted soy flakes with 
various solvents including 80% methanol (see page 386 in the 
section entitled '-Comparison of Extraction... Methods": The 
extract contained genistein, daidzein and. their glycosides, 
genistin and daidzin (see Table 1). In my opinion the 
extraction procedure in this document is the same as that 
defined in claim 1. 

(ii) The article by Messina entitled The role of soy products in 
reducing the risk of cancer" to which I have. previously referred. 
At page 542, reference is made to a concentrate of an 
aqueous alcohol extract of soy flour and that this product was 
rich jn isoflavones. I cannot see that there is any difference 
between claim 1 and the soy concentrate described in this 
document 

I also reiterate the comments I have made above to the effect that the 
technology . of isolating and concentrating plant flavonoids in remedies existed long 
before 1992, As I have said previously, such remedies are known in the art as 
guaranteed potency or phtyopharmaceuticals. It is therefore my opinion that 
extracting clover or soy with a water/organic solvent adds nothing to what was 
published and already, known to those skilled in the art in Australia before 19 May 
1992. 
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In summary it is my opinion that there is nothing in the extract as 
defined in claim 1 which in any way advances that art as that art was developed 
before 19 May 1992. Further, it is my opinion that there is nothing in claim 1 which 
was beyond the contemplation of the average skilled worker in the art in Australia 
before 19 May 1992. - 

12. I now refer to claim 2 which reads: . 

"An extract according to claim 1, which comprises genistein, daidzein, 
biochanin A; formononetin in a ratio from 1 :2 to 2:1"; 

First, I am not quite sure. as to the ratioswhich are defined.:. Does the 
claim mean that the extract may have genistein in - combination with any one of 
daidzein, biochanin A .or formononetin in the defined ratios? From reference, to page 
10, second paragraph it would appear that a ratio -of 1:1 genistein to daidzein is 
intended. However, as I have previously said, such a ratio conflicts with the use of 
soy hypocotyl in which the ratio is 5:95 genistein to daidzein. I also note that in each 
of the Examples in which various amounts of "phyto-oestrogens" are administered, 
the relative amounts of the phyto-oestrogens are not given. Genistein and daidzein 
. are present in soya sprouts in a ratio of 1:1. See for example Table 8 of my article in 
the Australian Journal of Herbalism to which I have already referred. I cannot see 
the relevance of extracting materials in ratios varying from : 1:1v.'l;2.1o 2:1 and 5:95. 

. In summary, it is my opinion there is nothing in claim 2 which adds 
anything to 'that which was published or already known to those of ordinary skill in 
the art. in Australia before 19 May 1992. 

13. I now refer to claim 3 which reads: 



"An extract according to claim 1 which is an extract from red clover". 
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This claim defines nothing more than that the extract may be obtained 
from red clover, a known source of phyto-oestrogens. I reiterate the comments I 
have made above that red clover is a well known herb which has been administered 
for its oestrogenic properties in Australia since before 19 May 1992. Accordingly I 
cannot see how the extract defined in claim 3 adds anything over that which was 
already known or which was beyond the contemplation of those of ordinary skill in 
the art in Australia before 19 May 1992. 

14. I. now refer to claim 4 which reads: 

"An extract according to claim 1 which is. an . extract from soya 
hypocotyis". 

Again, this claim defines nothing more than that the extract may be 
obtained from a known source of phytoestrogens. I reiterate the comments I have 
made above to the effect that I have been prescribing phyto-oestrogens in the form 
of sprouts and other phyto-oestrogenic foods and herbs since well before 19 May 
1992. I do not believe that the part of the soy which is used makes any difference. I 
note that this is acknowledged in the specification which says that .any legumous 
plant may be used as a source of phyto-oestrogens (see page 10, third paragraph). 
Thus, in my opinion, there is nothing in this claim which adds anything over that 
which was known or used or was beyond the contemplation, ohthe average skilled 
worker in the field before 1 9 May 1 992. 

15. I now refer to claim 5 which reads: 

tt A:composition which comprises an extract, according to claim 1 and at 
least one excipient, diluent, carrier and/or food". 

This claim defines nothing more than adding an excipient, diluent, 
carrier or food to the extract of claim 1. The use of excipients, diluents and carriers 
in medicines, including herbal medicines is such common practice that I do not 



17 . . 

believe further discussion on this point is warranted.. As to adding the material to a 
food, administering medicines including herbal medicines together with food is also 
common practice and well known before 19 May 1992. In my opinion, this claim 
defines nothing more than a salad of soy or clover sprouts. Accordingly, I cannot 
see how this claim, adds anything to that which was not already well known to the 
average skilled worker in the field before 1 9 May 1 992. 

16. Claim 6 reads as follows: ■ ■ 

"A pharmaceutical composition 'which comprises- an extract according 
to any one of claims 1 to 4 in association: with one.or more.excipients, 
carriers and/or diluents". 

I reiterate the. comments I have made above. in relation to claim 5. 
There - is obviously nothing new in adding excipients, carriers or diluents to 
pharmaceutical compositions. This has been standard practice in the art since well 
before 19 May 1992. In my opinion, this claim describes nothing more than red 
clover tea; Red clover tea was used by myself and to my .knowledge others skilled 
in the art in Australia for many years before 19 May 1992. Thus, I do not believe 
that there is anything in claim 6 which advances the art as that art was developed at 
19 May 1992 or was beyond the contemplation of the average skilled worker in the 
field before 19 May 1992. 

17. Claim 7 reads as follows: 

"A food stuff which contains or is supplemented with an extract 
according to any one of claims 1 to 4\ 

I cannot see how this claim differs from claim 5 which says that the 
composition comprises a food. Accordingly I repeat the comments I have made 
above in relation to claim 5. 
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- Claim 8 reads as follows: 



"A pharmaceutical preparation containing an extract according to claim 
1 in association with a pharmaceutical^ acceptable carrier". 

I cannot see . how this claim differs from claim 6 which defines a 
-pharmaceutical composition association with a carrier. Accordingly I repeat the 
comments I have made above in relation to claim 6. 

1.9. Claim 9 reads as follows: 

"A pharmaceutical preparation according to claim 8 in solid dosage 
form selected from a tablet, coated tablet, capsule or powder". 

This claim merely defines that the* pharmaceutical , preparation is in 
solid . form. Pharmaceutical preparations have been available in such forms since 
well before 19 May 1992 and I cannot see how this claim adds anything to any of the 
previous claims/ Accordingly, I believe, that there is nothing in this claim which in 
any way advances the art as that, art was developed as at 19 May 1992 or was 
beyond the contemplation of the average skilled worker in the filed before 19 May 
1992. 

20. Claim 10 reads as follows: 

"A pharmaceutical preparation according to claim 8 wherein said 
isoflavones are present in an amount of 20mg to 200mg". 

This claim does nothing more than describe the isoflavone 
concentration. I note that the amount of isoflavones in 100g of the foodstuffs in the 
Table at page 15 of the specification falls within this range. Further, as I have 
mentioned above I have prescribed phytoestrogens in the form of sprouts and 
other phyto-oestrogenic foods and herbs. This corresponds to about 200mg which 
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falls within the range in claim 10. Still further, I note that the Messina article at page 
542 describes administering 200mg/day phyto-oestrogens to menopausal women. 
Thus, I cannot see that there is anything new in the range of 20 to 200 mg as 
defined in claim 1 0 over that which was known. or used in Australia before 19 May 
1992. 

21. Claims 11 to 21 describe methods of treating or preventing diseases, 
conditions including benign breast disease, premenstrual syndrome, symptoms 
associated with menopause, cancer of the prostate, cancer of .the bowl or elevated 
blood cholesterol which includes .administering^an:/.^ of an 
isoflavone containing extract obtained \by;water/organic : solvent -extraction. I refer to 
the comments I have made above, in relation to the fact that red clover as a herb and 
soy products have been prescribed by myself and others in Australia before 19 May 
1992 for the treatment of menopausal problems. | have also prescribed phyto- 
oestrogenic plants /before 19 May 1992 for* treatment of ^ endometriosis, fibrocystic 
breast disease, lowering cholesterol, treating prostate problems and as an adjunct 
for cancer and osteoporosis. I do not believe that any of claims 11 to 21 adds 
anything to that which I was prescribing before 19 May 1.992. I also refer to the 
comments I have made above in relation to the vast body of knowledge which was 
published before 19 May 1992 in relation to the beneficialeffect of phyto-oestrogens 
on human health. In view of this body of knowledge, only a very small example of 
which I have referred, I cannot see how. there :is,ahything:ihcthese;claims which in 
any way advances that art as that art was:developed: in Australia before: 19 May 
1992. 

22. In summary, the Application. appears to have, claimed the discovery of 
the use of isoflavonic phytoestrogens for treatment of various human conditions. 
However, the use of isoflavonic plants, herbs and extracts has been practiced in 
Australia for treating disease conditions since well before 19 Mdy 1992. Further, the 
effect of isoflavonic^phyto-oestrogens on human health has been published in some 
hundreds of documents before 19 May 1992. Thus, I believe that there is nothing in 
the extracts and method as described in the Application which was new or beyond 
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the contemplation of the average skilled worker in the art in Australia before 19 May 
1992. 



I make this solemn declaration by virtue of the Statutory Declarations Act 1959 as 
amended, and subject to the penalties provided by that Act for the making of false 
statements in statutory declarations, conscientiously believing the statements 
contained In this declaration to be.true in every particular. 



Declared at 

this 3 A dayof%F 191? ) 
Before me, ) 



NANCY BECKHAM 



Filed by: Culien&Co. 

Patent & Trade. Mark Attorneys 
240 Queen Street 
Brisbane, Queensland, 4000 
Australia 
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Th* iodividofil and total ifloflauotn content is oommefoal eaybeaa ptotaia ptodu^s has been detettainad 
by high-ptifbrmaaca liquid dirosaatoeanhy. Detailed, delattad aoybeaa flauxa contain the EoXWd? 
moan feofla*ow ccata&K (nf/100cj: damn, 6L7; tfrdteto T«frg h ico9jda, 119; gealiiin, llfl-8; dafcbeitt, 
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Soybeans m^todtom&Qhk&i/tiLVttl) that 

et id, 1990; WtH «t aU 1990). fimtfta* Warn and 
VaaEtten,19Tg?.ariH inHftTVUntCPtattaadBlrac 1979) 
properties. Because tf the ewe* faweaiuif use of soybean 
psoteta products ia Ibodi and leads* It ts fieoesssiy to know 
the coaceattation of tbesa triolctf psfly active aotopou&di 
i& various cosi&sicisl products* Oajy o&a rapuft In the 
Utetattttt (Nairn ct iL, 1974) gJm any ctjaajfiatho data 
oathecoacexfrQiioflofligfisTO Therefore, 
this ftt*4y has been co&ductad to detetmine the amount 
of these compounds la soybean flours, protein caaeaa- 
tratet, and bolataa. 

MA18UALS AND MCTHODS 

Samples- A ochuBed, defatted soybean flour waa pre- 
paredjb the laboratory (Bdrfdgi ft aL 1971} from Asosqy 
a^batos that vota bjbdsfb la 19r9» laaddlUuDt one aatapla 
of OQ&uaatd^aoyfa£aAttaalaad cii^tci^aalBadtoybeaB 
flotta aw obtained feorn yartout n aui i fa i fai i fti a- Flra 
cofluuotcitl ts&plts of ooytyaan pntalu oonoBUtuttt . 
fatrrt^f^M ^tnTnintn li^aT a fldfif&ttttl of 70% ptotata) von 
ftMflfft**1 ftrfftr f^wf* nnn"fia!tiiHff^ IftnapnoGSMsaaaoli 
taa jjg^^J^y^ 11 ^ _^J^ preygttion cf tbatt 
ooaciiifaalaa (CitcSa and flBiHh^ ld73D# Pfva aoybaaa 
ptotata hflf**tt (ptodncti oowtatofay • aaiatooaa ox 90% 
pHtacpJ a>an ptortirad froaa ona auauf aatmafc 

•ftaja aiaes tad toano of taaaplaa mprm in Table 
L A&tattttoa»|io^tBMnaG04M^oene^ 

Pttpaiatten tf te tacta. QwQBdd A ltad ao ybfttn 
Ootitta^ai^cttdMthta^caliolytnlt to 
molt ndtabk tobant for ditsoMat ^o toyboan Uo- 
OfToaea. Sofoato mfwtfgatod fm w*» B0% ( aad afe* 
aolttte ethaaol 50%, 80%, aad afatdfatta matbaaoL ethyl 
acetate, aad aoetoaJtrile, Brftiitfa* trfth 90% taatbaaol 
ta«e & laaat tcpiodadbla fcsnka and toasbttia azttao* 
tioa, 



Koftbani Jtejteoal Seieanh Ceatar, Afrleoltttral Ba- 
■aattht fiff f i f t aad Bducatioa Ada^olattatioa* US* Da- 
paAaaat of Afrieultoe, PaotCa. Cliaob 81604. 



labWL id^tttyeiteaipUatMlBOMStady 



ampin 



fesdi BMn* of dacetjpUoo 



B 
C 

c 

B 
P 
G 
H 
I 
4 

coooftntutti 
IC 
I 
M 
N . 
0 



S 

fi 
T 



luta&t. dfefaUtd Amaoy «axtoty. 

1578 sop 
KuttttoyYi 
onlla*otad Tvy 
TcstnttlQ 
OatttflOO 
CaatccaoOSL 
Ccnttt400 
Ccaitx iOOSt 
KtrtTct 
ProiDoti DLSt 

Betponi 

Food prataia eonmotttts 
Pro Coo MOO 
ftoawtay 100 
OL401 

BelPioH 
.SAVtoA • 
8ttpto #10 
Sitpia IBO 
SapwtlO 



a 

2 
2 
4 
4 
4 
4 
C 

a 

4 

7 

a 

4 

6 
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aatfaaaol *^>*>«ty tba tatanal ttandaxd iroa batted 
(boHiaa} oa a attaai bath for 4 h, cooled* aad f&tetad 
tbtoutA a Type AP pref&iat CdDowod by a Type HA. 
Q.4&-MM Bltar (MOlipote Cotm Bedford, MA). 

Chromatography* TbapreMoua^pubHal^cb^osit- 
toctaphic procedure (fidfidfe. 1992} aai toQowed. luial 
a Uoear methaaoi gtadkat from 29 to 50% In 20 aim 
fbUoved by an tsooaUe hold period of at laaat 30 o&ia. 
Respoaae factott for the bxlWdual iidated sluaoaMea aad 
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t^Jyomtt«wdetermLDtrib^ 
Hum moons* factor wen used to calculate the i*e- 
flavoaeaad bo!la*ane ghwoetde composition of various 
rnmtneici al soybean protefa products. 

RESULTS AND DISCUSSION 

Shown la rfeutt 1 b a typical button %im obtained 
upon *^w**g gt fl ffr ^fi^»*f en 80% methanol extract of 
aoyheta floax/Tbli partbalai' elation pattern b far an 
extract of Ceatet 400 Sou* (sample 0>. 

Tihlell dm man* obtained wbaa a ebt» lot (sample 
A)<tf]u9Biafrdcfi^tBdaoybtt&flmw^ 
bat 80% aqptout methanol to tattoo* toi»atdifflmpt 
Bolft&ttaHca ^iaelua^taNiteet6ian4).wbo 
oaed C3JC, e» data that hare ben cotrectad to aa o&tot 
baabbyeaeummf 80% oDL Aa seta fa Table &. then is 
an fecreaae la fthaeattacftfan of fee botaroe ghooaldea 
with time* Th*lartt^fao^fafa|tiii«t^wtttrJ« 
tern 88 ras/lOOffefmeal fa 1 hfa 144 ag/lOO g of meal 
inShtviimttchAshtttbsidv^xato 
tod ** N *** i fl !g for 5 h do act Increase the amount of Iso- 
fiatoaegtucot&tiRttd. tberesoitoBKfccata thai the slew 
esliactba eftbe iBafiaeoae 0aaotiaeabae*dia9tolanitad 
iwtbifaTfty trd *bfft*4-h rrtwctrfl fP**** to WnffiAat 
far exttectfaf the boffafonea bom soybean meal 

Table IB gx*es the amounb of feoflewme trttcoddttend 
tgiycotanvitsuTi^mee^ 

Ooatptodflcte. A» tbcaiSdet deidtia and geatotiaec* 
eouat ferae* over 50% of thetobUnwOa«oaafaaodfa 
eofbctaflom. tn temple tt,^tn\*B*HM#& 
tfeWtfiaainftferTB* of tb* tottfcalle^oaftiauatiaad. 
Table Vt jfim ^^^^^ff^^f^^^ 

SSmamof 7d% potato). Cottuei u iate e LaadO jete 
prepared to aqueous tesefafaf atdeirtfadeoj^floua 
(CMe and Smith, tad the tmowtt ofbotaoao 
ttannd bite temple tppwtatier the tauaatof ^ 
Ofivotie mAutm^ In soybean OoaotW Concen* 
tr*ta&nC,jadKonth«etta*befi4 

Table OL froflttoae Anatjtbof tea Hefattao ftty ttot» 




FLfura L HZfb-ptrfto&tnot tiqoid cbomttecrenhlc dutioa 
dkmm of e& 60% acmtaus aethaao&c extract ef tetturbed 
aojtaa float Peaks art 11) dafie^COibcHrfat^uofldde, 
m ftoiitU. {<) dtfilttia. (5) ffcelWa, C« pailttiiia, 0) coum- 
Vifid (S) n^vtgnopbsBOM. 



eitncani betaae-defatied toybetn z&t&ia vith aqueous 
aleoholL Tbl3 aicobol treat&eat should ia»o«eaoae of 
the boiuivoaes torn the meal the resuha ibotrn far 
aaffipla E, M, and N la Table IV indeed ahow a decrease 
to ihe'isQ&cvoaei. 

Tabk Vabova the fetalis obtained wbca Bm diSueat 
aoybaaa jeabaa boktea (nrodacoi coatablat tt least 90% 
pte1ebA«»i06jbwBdfor1be^ the 
maioHtf of the leoficvoae aieasa«d wotaabtta.a9«ttt 
Qbae^wbaaaoybeaaflataaivateaad^ Al&ougb 
tbefinecfbrnan^too^taalytri 
taxed tedifleteat jttocaa^w that the end iirodacta 
hate dlffinat cbatadetlitioi their bofltvonecoTxtaattt 
tthfy eofletent About 60% ef ths total faoflavenes la 
baaaa»diDjtB^ooybeao auai H katadieaawbeaaprotBiti 
bolatebtaepeieiL IbadttaiaTahleeXIXtttdV ahow that 
boOaveae feoxtAtA axe |wferenibd^ lost ta the protek 
bvilailoatineedara. Thh daetaAte b the fctofl&vone giy- 
^ ftt jtyfflg pwrtria balattpa may be becauta the gfr- 
eoaidei eta note sohble tbaa the at9taaa fa •ate. which 
b tiaed for the eztxaetioa o! soybean protabL 

CONCLUSIONS 

A bbb-petf Ottaanee liquid ehnrntefae^eahk arooedurt 
has been tned to quantitatively meaaure the Uofianmt 
eoataati of cmeaiatdtl soybean |ir^^ Ae 
boflanass ia eavbeaao atbt fa 3«^«^**i2*»; 
costo^iceiyi tfu eostd ei , n**^ rf 
tbeiaoltaeaattmaft^maaSl^ 
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